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Of the EQUILIBRIUM and Mor ION of FLU- 
Is in general. Of the RISE of FLUIDS 
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Of the RUNNING of Rivers. Of the 
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RIAIL-Puur, working with QUICKSILVER 
inflead of a Pisron, explain d. ARCHI- 
. B *. ͤĩ» maven 


HyovRAULICE. 
MEDEs's ScrREW explain'd. The Nature 
and Structure of NEWSHAM's WaATER-" 
ENGINE. Of NEWCOMEN's FIRE-Ex- 


GIN E, SAVERY's FIRE- ENGINE, and 
PAIN E's IMPROVEMENT of FIRE-EN- 


5 GINES explain d. Of the ALOLIPILE. The 


THEORY of the Tipks at large explain d. 

\J Y HYDRAULICS we are to un- 
B derſtand. the Science of the Motion 

of Fluids, and the Conſtruction of 
all Kinds of Inſtruments and Machines re- 
lating thereto ; alſo the Nature of Springs, 
the Theory of the Tides, Sc. are uſually ex- 
plain'd under this Head. | 

Tu Motion of Fluids, viz. their Deſcent 
or Riſe below or above the common Sur- 
face or Level of the Sourcg or Fountain, is 


- cauſed either, (I.) By the naggral Gravity 
or Preſſure of the Fluid contained in the 
| Reſervoir or Fountain; or, (2.) By the 


Preſſure or Weight of the Air on the Sur- 
face of the Fluid in the Reſervoir, when 
it is at the ſame Time either taken off, or 
diminiſhed, on ſome Part in Aqueducts, 
or Pipes of Conduit. (3.) By the Spring 
or elaſtic Power of compreſſed or con- 
denſed Air, as in the common Water-En- 


gine. (4.) By the Force or Preſſure of 


Piſtons, 


j 
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Piſtons, as in all Kinds of Forcing-Pumps, 
Sc. (5.) By the Power of Attraction, as in 
the Caſe of Tides, &c. Of all which in 
Order. | 

I. Tus moſt; natural Motion of Fluids 
is that ariſing from the Force of their own 
Gravity, by which thoſe Parts which ſtand 
higheſt preſs upon others below them, till 
by that Means they riſe to the ſame hori- 
zontal Level. Thus Water in a Fountain 
ABCD by its Preſſure raiſes that in the p 


l. XV, 
Aqueduct F GH to the fame Height IK Fig 5. 


LM, in every Direction or Poſition of the 
Duct GH or GN; unleſs the Orifice of 
the ſaid Duct be below that Level, in which 
Caſe the Water will continually flow from 
the ſame. The Reaſon hereof is evident 
from the Principles of Hydroftatics, where 
it was ſhewn, that the Preſſure of Fluids was 
in Proportion to the Altitude only, and not ac- 
cording to the Quantity thereof ; and therefore 
the Effect or Riſe of the Fluid in the Duct 
muſt be equal thereto. Or thus: The Ve- 
locity of the Fluid in the Du# at L, is to that 
in the Fountain at IK, as the Quantity of 
the Fluid in the Fountain is to that in the 
Du# in given Altitudes ; whence (from the 
Prinkiples of Mechanics) the Momentum of 
the Fluid inggach will be equal, and con- 
| | B 2 ſequently 


* 


* 


” 
r d Err ogy bo or ener 
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( LXIX.) 1. Since the Particles of Fluids are to be 


HypRAULICs. 


ſequently an Equilibrium will enſue at equal | 
Altitudes K and L in both. (LXIX.) 
| - 4 =» *PLENCE 


confider'd as ſmall ſolid Bodies, they mult obſerve. the 


ſame Laws of Motion, and have their Momenta deter- 


mired in. the ſame Manner, as Bodies of larger Mag- 


nitude; that is, by the Maſſes or Quantities of Matter 


drawn into their Velocities. 

2. Now 'tis evident the Velocities of the Fluid in 
the Reſervoir A D, and in the Duct SL, muſt be as 
the Quantities of Matter, or of the Fluid, contain'd in 
equal Altitudes in each inverſely ; that is, as the Cylin- 


der TVWI. to the Cylinder I CDK. For when all 


the Fluid in the Cylinder IC DK is paſs'd into the 
Tube 8 H, it will fill a Space above VW in that Tube, 


or make a Cylinder equal to the former. Now ſince 


Water can riſe no higher in the Tube 8 H than in the 


voir which ſtands over the Orifice of the Duct EQ, 
that is, only the Cylinder of Water OE Q cag affect 


[ beſides this Cylinder) ſtands over, 
upon the Bottom of the Reſervoir, 


all Cylinders are as their Baſes and Altitudes jointly; 
if B be the Baſe, and H = the Height or Altitude of the 
Cylinder | CDE; and , þ, the Baſe and Altitude of 
the equal Cylinder in the Tube above VW; then be- 
cauſe B x H=6b x h, we have H: H:: h: B, but the 
Altitudes H and / are the Spaces paſs'd thro' in the ſame 


at 


Time, and will therefore repreſent the Velocities of the - 


moving Fluid; but 6 is to B as the Cylinder T W to 
the Cylinder ] D; (for Cylinders of equal Altitudes are 
as their Baſes) therefore H: :: TW: ID. Or the 
Velocitics are as the Quantities of the Fluid contain'd 


under equal Alfitudes inverſely. A © 7.0 4 
3. Or it may be atherwiſe eaſy to underſtand that the 


Reſervoir A D, becauſe (ſuppoſing the Duct every where 


of an equal Biggeſs, and therefore EQ, =""T L) 'tis 
plain, if we continue FE to O, and RQ.to P; that 
then only that cylindric Body of the Fluid in the Reſer- 


or preis upon the Water in the Duct; for all the Fluid 


therefore preſſes 
CE and QD, 
and 


* . 


a 
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_ - Hence we have Conduits often ſupplied 
with Water from Springs which he above 
them ; .and Cocks to ſupply the Inhabitants 
of a Town with Water by Pipes of Con- 
duct proceeding from a Reſervoir in a Si- 

tuation 


and ſo by equal Re- action has all its Force deſtroy' d. 
The Water therefore will deſcend through the Orifice . 
E Q, till by its Preſſure it has raiſed a Quantity in the 
other Leg & H equal to the Cylinders O Q + QF, and 
therefore to an equal Height; and thus the Preſſure 
at FR and SG being equal, there muſt be an Equili. 
brium. : 

4. That it ought to riſe to the ſame horizontal Level 
M Z in the inclined Tube S N, whether that Tube be 
leſs, having an elliptic Baſe whoſe longeſt Diameter 
is S X; or whether it be equal to the "Tube SH, as 
having the ſame Baſe; or, laſtly, it it be greater, as 
having a circular Baſe on the Diameter S G ; I fay, that 
in every caſe it ought to riſe to the ſame Level Z Mis 
evident, becauſe there can be no Equilibrium till the 
Preſſure of the Fluid in each Tube, or on each Side the 
Baſe 8 X, or SG; be equal; that fo, being contrary, 
they may deſtroy each other. But there can' never be 
an equal Preſſure on each Side the common Baſe, unleſs 
there be an equal perpendicular Altitude of the preſ- 
ſing Fluid on each Side, becauſe (as we have ſhewn, 
Annot. LIV.) the Preſſure of Fluids on any given Area 
or Baſe is ever proportional to the Altitude of the Fluid, 
and that only. : Fi 
5. Hence it appears, that an Inſtrument like this in 
the Figure may ferve very well to take a Level for a 
fmall Diſtance, or to draw a Line truly horizontal; for 
the two Points I and M will always be in a true hori- 
zontal Level or Line. But for this Purpoſe the Tube 
'$G ſhould be at leaſt 4 of an Inch Diameter, to avoid 
the Riſing of the Fluid by Attraction; it ſhould alfa 
move yery nicely by a Joint 3 on to the Part FS. 

| BY | 3 þ 
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tuation above the higheſt Part of the Town 
(LXX.). 8 1 2 


HENCE 


Pl. XVI. (LXX.) 1. Let ACD B be a Reſervoir with a 
Fig. 8. Duct or Conduit-Pipe FK L, and at L turned off from 
the Perpendicular to give the Water by a Stop- Cock 
into a Ciſtern for the Uk 6f a Family. It is plain the 
Water will iſſue out from L with the fame Force as it 
| would be made to riſe to the Height LO, were the 
i Tube or Pipe continued upright to O; for on one 
'' Side the common Baſe K, the Preſſure (when the Cock 
it is ſhut) is proportional to the Altitude E K, but on the 
other it is only LK; the Difference therefore, EI = 
LO, is the Force of Prefſure by which the Water is 
protruded from the Cock at L. the ſame Manner it 
is ſhewn, that the Force by which it is made to ſpout 
from the Cocks at M and N is proportional to the Alti- 
tudes HE and GE, or MO and NO, of the Fluid in 
the Reſervoir above them. 4 
2. The Running of Rivers is upon the ſame Principle 
as the Deſcent of Bodies on inclined Planes; for Wa- 
ter no more than a Solid can move on an horizontal 
Plane, the Re- action of ſuch a Plane being equal and 
contrary to Gravity entirely deftroys it, and leaves the. 
Body at Reſt: here we ſpeak of a Plane of ſmall Ex- 
| tent, and ſuch as coincides with the curved Surface of 
| the Earth. But if we conſider a large Extent or long 
Courſe of Water, then we ſhall find that ſuch Water 
can never be at Reſt, but when the Bottom of the Chan- 
| nel coincides every where with the curved Surface of the 
[26 Earth. 
F; 3. Let ADF be the curved Surface of the Earth, C 
8.9. its Centre, CD, CE two right Lines drawn from 
4 thence, and EG a Tangent to the Farth in the Point 


* 
* — 
. 


k 
l 
f 
| D. Then 'tis plain if B D were a Channel of Wa- 
ter, the Water could not run, or move, becauſe they 


are every where at an equal Diſtance from the Centre 
C, and therefore equally affected by Gravity, But if 

, there be any Place above the Surface of the Earth, as E, 
where Water can be found, *tis evident that Water 
* can 
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HEeNce alſo the Deſcent of Water in 


Rivers, Streams, and Canals, from Springs 


and 


can deſcend in a Channel to any Part of the Earth's 
| Surface between B and D, becauſe every Point in the 
Line ED is nearer to the, Centre of the Earth, and 
therefore below the Point or Place E; and its Velocity 
will be ſo much the greater, as it tends to a Point nearer 
B; and ſloweſt of all, when it moves in the Direction of 
the Tangent ED. | 

4. Hence it appears that the Source E of all Rivers 
and Streams muſt be more than a Semi-diameter of the 
Earth CB diſtant from the Centre C. And ſince all 
great Rivers run to the Sea or Ocean, where they diſ- 
embogue their Waters at the Point D, the Line DC 
is a — Saban and = 4000 Miles nearly. Alfo 
the Courſe of all long Rivers being in the Direction of 
the Tangent at the Point D, if they were repreſented 
by the Tangent-Line E B, then the Height of the 
Source E above the common' Surface of the Earth at B 
would be eaſily found. Thus, ſuppoſe E D were the 
River Niger in Africa, whoſe Source is more than 3000 
Miles from the Sea; but put ED = 3oe0, and ſince 
CD = 4000, we ſhall have CE = 5000, and CE 
CB 1000 = BE = the Height of the Source. But 
ſince we know of no Mountains above three or four 
Miles high, it is plain the River Niger, and all ſuch 
long Rivers, are ſo far from moving in a Tangent, that 
their Courſe muſt be very nearly of the ſame Curva- 
ture with the Earth's Surface, and inſenſibly diſtant from 
it. ? 

5. Since Bodies move on Planes ever fo little in- 
clined, except fo far as they arg prevented by Friction, 
and ſince the Friction of the Particles of Water among 
themſelves is inconſiderable, it follows that the Water 
ſituated on a Plane ever ſo little inclined will commence 
a Motion; and if the Plane be conſiderably inclined, 

a 


— —— of Water great, its Velocity will be 
proportiona — its Momentum ſuch as will ſoon begin 


to wear away the Earth, and create itſelf a Courſe or 
| B 4 Channel 


H. XVI: 


Fig. 10. 


the Earth; and the Breaking out of Springs 


. 
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and Sources Above the common Surface of 


at 


Channel to glide in. In Rivers that are made, it is uſual 


to allow the Fall of one Foot in 300. 6 

6. If we allow the ſame Declivity to Rivers which 
make their own Way, then we find their Height at their 
Source above the common Surface of the Sea, as in Ex- 
| | 5280 
8 
the Height at one Mile, or 5280 Feet. Then again 


ſay as 1: 2: 3000 .. — — 5280 Xx 1Q 
| 9: -:: 00 


ample of the Niger thus: As 300: I :: 5280: 


= lo Miles. From whence it is evident, that the Con- 


tinents and Iflands ought to be much above the Surfaee 
of the Sea, to give a neceſſary Deſcent and Courſe to 
the Waters through them. 

. Let ABCD be the Section of a Reſervoir, and 
B 61 K the Section of a Canal of Water ſupplied from 
thence, and ABN the horizontal Line. Now ſince 
the Particles of Water are governed by the common 
Laws of Gravity, the Velocity of a Particle at an 
Part of the Bottom of the Canal, as F or H, will be 


the ſame as it would acquire by falling through the per- 


pendicular Altitude O F or LH, (by Annatat. XXVII. 


Art. 9.) that is, as F toy LH by Annotation 
XXVI. Art. 4.) Hence the Velocity of the Stream is 
accelerated. 


* 


8. For the ſame Reaſan the Velocity of a Particle at 
the Bottom of the Stream H is to the Velocity of a2 


Particle at the Top G, as LI to VS MG); conſe- 


_ quently the Stream moves with a greater Celerity at 


Bottom than at Top. | 
9. The Quantity of Water which paſſes through the 


Section of the Stream H G is the ſame that paſſes 


through the Section of the Reſervoir BC in the ſame 


Time. The ſame may be ſaid of any other rs 
FE; therefore the Quantity of Water paſſing by any 
ns, & " 0 Oy 
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at the Bottoms and on the Sides of Hills, 
from Ciſterns and Reſervoirs in the inter- 


nal 
two Sections of the Stream F E and GH in the fame 


Time is the ſame. : 
10. Since there runs the ſame Quantity of Water by 
GH as by F E in the ſame Time; and ſince the Velo- 
city at (3H is greater than at FE; and laſtly, ſince 
the Breadth of the Canal is ſuppoled to be every where 
the ſame ; therefore it follows, that the Depth G H muſt 
be leſs than the Depth FE, and fo the Depth of the 
Stream muſt continually decreaſe as it runs. f 
11. As the Stream proceeds, the Depth HG de- 
crealing, the Lines MG and LH will approach nearer 
to an Equality, and therefore the different Velocities of 
the Water at Top and Bottom will approach much 
fer to an Equality, as being proportionate to the 
Square Roots of thoſe Lines. | * 
12. This Approach to an Equality is much farther 
promoted by the upper Parts being continually accele- 
rated by the lower, and the lower Parts retarded conti- 


nually by the flower Motion of the Waters above, in- 


cumbent and preſſing upon them. 

13. Since the Difference of the deſcending V 
ties, or the relative Velocities, are greateſt near the 
Beginning or Head of the Stream, the Waters will there 


fall or deſcend with the greateſt Impetuoſity, or cauſe 
the loudeſt Noiſe. | | 


14. In the Courſe of Rivers, the accelerated Velo- - 
City is. quickly reduced to an equable or uniform Velo- 


city, by the Reſiſtance it meets with from the Bottom 
and Sides of the Channel, which Reſiſtance will be as 
the Squares of the Velocities, and therefore ſoon be- 
come {o great as to equal the accelerating Force, and be 
communicated to the middle Parts of the Stream, cauſing 
the Whole to move uniformly. | 
15. Hence in Rivers the Motion of the Water is 
ſloweſt at the Sides and Bottom of the Channel, becauſe 
there the Neſiſtance begins, and is communicated to all 
other Parts, n 25 ; cs 
16. In 


o 
- 


9 
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nal Parts above them, which receive their 
Waters from Rain, Dew, condenſed Vapours, 
melted Snow, Sc. diſtilling or percolated 


through the Pores or Creviſes and Chaſms of 
che upper Part of the Earth (LXXI.) 268 
By 


16. In different Parts of the ſame River the uniform 
Velocity is greateſt where the Bottom of the Channel 
has the greateſt Inclination or Declivity, becauſe the re- 
lative Gravity of the moving Particles is here greateſt. 

17. In thoſe Parts of the River where the Velo- 
city of the Stream is leaſt, the Depth of the Water is 
the greateſt, and vice verſa; becauſe equal Quantities 
paſs through unequal Sections of the River in the ſame 
Time. Hence alſo it follows, that the Momentum of 


running Water muſt be every where the ſame, or a given 
Quantity. | 
(LXXI.) 1. Various have been the Theories, or ra- 
ther Hypotheſes, relating to the Origin of Fountains, 
many of which have ſavoured ſo little of Philoſophy, 
that ſcarce deſerve to be mentioned or confuted. 
9 | Thoſe who pretend to derive the Waters of Springs 
* rom the Waters of the Sea by ſubterranean Dus, 
tem either wholly ignorant of the hydroſtatic Laws of 
Fluids, or —— to maintain a Theory by meer Dint 
of Hypotheſis. 
Pl. XVI. 2. For let EC AF be a Part of the Earth's Surface 
Fig. 11. covered with Water at A; ſuppoſe ABC a ſubterra- 
nean DuR, by which the Waters deſcend to the internal 
Parts of the Earth towards B ; if B be the loweſt Point, 
or that neareſt the Centre of the Earth, the Water will 
be forced to riſe from B to C by the Preſſure of the 
Water in the Part AB. But when the Water is arrived 
to C it will there ſtop, and an Equilibrium will neceſſa- 
rily enſue (from what we have ſhewn in Annotat. LXX.) 
Conſequently no Water can riſe above C to the Top of 
the Mountain D by the Force of Preſſure; and we can 
ſhew no other Power in Nature to drive it thither ; and 


_ therefore ought to ſuppoſe none. 1 
25 He 3. They 
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By the Preflure of the Fluid it may 
eaſily be conveyed over Valleys and Hills 
| by 


3- They who advance the Capillary H or 
ſuppoſe the Waters riſe from the Depths of the Sea 
through the porous Parts of the Earth, as it riſes in 
Capillary Tubes, or Tubes of Sand or Aſhes, ſeem 
not to conſider one principal Property of this Kind of 
Tube, or this Sort of Attraction; for though the Wa- 
ter riſe to the Top of the Tube or Sand, yet will it 
riſe no higher, becauſe it is by the Attraction of the 
Parts above that the Fluid riſes, and where that is 
wanting it can riſe no farther. Therefore, tho the 
Waters of the Sea may be drawn into the Subſtance of 
the Earth by Attraction, yet can it never be raiſed by 
this Means into a Ciſtern or Cavity to become the 
Source of Fountains, | 

4. The true Principles which ſupply the Waters of 
Fountains or Springs, are undou melted Snow, 
Rain-Water, and condenſed Vapours. Several have at- 
tempted to ſolve the Phenomena by Snow or Rain only; 
but others, making an Eſtimate of the tity of Rain | 
and Snow that falls in the Space of a Year, to ſee if "2 
it would be equal to that which the Rivers diſcharge 6 
annually into the Sea, found that it was much ſhort of 
that Quantity. * 

5. But that which was moſt extraordinary was, that 
they found by their Experiments, that the Rain and 
Snow which fell in one Year would not produce more 
than } of what was raiſed in Vapour ; for by Experi- 
ment it was found, that the Rain and Snow that fell in 
a Cylindric Veſſel, raiſed a Column of Water about 19 
Inches high ; whereas the Water raiſed in'Vapour was 
yearly about 32 Inches in Altitude. This great De- 
ficiency of 1 Lee plainly indicated another Way 
by which the Waters circulated from and to the Sea. 

6. This (among many other bb, was left to the 
Diſcovery of that ſagacious Naturaliſt Dr. Halley ; wha * 


being on the Tops of the Mountains in the Iſle of St. | 
Helena (in South Lat, 16*) making his Obſervations 
for 


HyvDravilics 
by bended Pipes or Syphons, from Ponds 


or Reſervoirs in a higher Situation; which 


the 


for a Catalogue of the Southern Stars, (about 800 Yards _ 
above the Level of the Sea) found that the Quantity of 

Vapour which there fell in Dew, was ſo great, as 
very much impeded his Obſervations, by covering his 
_ over in 6 or 7 Minutes, even when the Sky was 

car, | | 

7. Upon this he was induced to determine by Ex- 
periment; the Quantity of Vapours raiſed from the Sur- 
face of the Sea, as far as it ariſes from Heat; for other 


Cauſes, as Wind, and the Warmth of common Air, 


contribute to exhale the Water, as the ſame Gentle- 
man found by making the Experiment in a cloſe Room, 
where 8 Inches Altitude of Water was exhaled in one 
Year ; and *tis well known from common Obſervation, 
that a ſtrong Wind will carry off a great Quantity of 
Water in a few Hours Time, as in the late January 
Storm ſeveral ſhallow Ponds had all their Water blown 
away by the Wind in one Day, Alſo, we find by Ex- 
perience, that one windy Day will make the Ways 
dryer after Rain than three or four Days Sun-ſhine, 


8. But the Doctor's Deſign was to ſee what Quantity 


was evaporated by the Heat of the Sun only. For this 
Purpoſe he inſtituted the Experiment in the following 
Manner: He took a Veſſel of Water, and made it ſalt 
to the ſame Degree with Sea-Water, by Means of the 
Hydrometer. In this he placed a Thermometer, and 
by a Pan of Coals he brought the Water to the ſame 
Degree of Heat with that of the Air in the hotteſt 
Summer. 

9. This done, he affixed the Veſſel of Water, with 
the Thermometer in it, to the End of a Pair of Scales, 
and nicely counterpoiſed it with Weights in the other; 


- then at the End of two Hours he found by the Altera- 


tion made in the Weight of the Veſſel, that about the 
both Part of an Inch of the Depth of the Water was 
gone off in the Vapour, and therefore in 12 Hours one 
Tenth of an Inch would have been evaporated. _ 

| 12 Hour 


* 


. if a Ron 
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the Ancients being ignorant of, were at 


vaſt Pains and Expence very often to 
effect. Hence the Running of Water 
through 


12 Hours only are here allowed for the Time of Exha- 


lation, that being the Length of the Day at a Mean ; 
and in the Night, as mach, if not more returns 
by Dew than is exhaled. „ 


10. Upon this Suppoſition, every 10 ſquare Inches 


of the Surface of the Water yields in Vapour, per Diem, 
a cubic Inch of Water, which weights 2531 Grains 
Trey; therefore every ſquare Foot will yield 3 a Pint 
Wine Meaſure ; every Space of 4 Feet ſquare, a Gal- 
lon ; and every ſquare Mile 85 Tons. A Degree 
ſquare (reckoning 69 Engliſh Miles to a Degree) will 


produce 33 Millions of Tons; and if the Mediterranean 


be 40 Degrees long and 4 broad (the narrow Parts com- 


penſating for the broader) which is the leaſt that can be | 


ſuppoſed, then will there be in its Surface 160 ſquare b 
Degrees, which will evaporate per Diem, 5280 Mil- 


lions of Tons in the Summer-Time. ; 

11. The Mediterranean receives Water from the fol- 
lowing nine great Rivers, vis. ThE Iberus, the Rhone, 
the Ther, the Po, the Danube, the Neifter, the Boriſi- 


henes, the Tanais, and the Vile; all the reſt being of 


no great Note, and their Water inconſiderable. Each 


of theſe nine Rivers (together with all the' ſmaller) are 
| ſuppoſed to bring as much Water to the Sea, as is equal 
to ten Times the Water of the Thames, at leaſt. KA 
12. In order to eſtimate the Quantity of Water 


which paſſes daily through the Thames, the Doctor aſſumes 
the Breadth of the River at Xingſton Bridge (where the 
Flood ſeldom reaches) to be 100 Yards, and the Depth 


i 3 ſo that the Section of the Channel is 300 ſquare 


ards ; and allowing the Velocity of the Water to be at 
the Rate of 2 Miles per Hour, there will run in 24 Hours, 
the Length of 48 Miles, or 84480 Yards ; therefore 
84480 x Joo = 25344000 cubic Yards, which make 
20300000 | ons which the River Thames yields per Diem. 


13. Now each of the above nine Rivers being ſup- 


poſed to bring ten Times as much as the Thames, will 


* 


C.. yield 


__ 


424 


ol Stone it finds, which being once filled, all the Over- 
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through the bended Syphon accounts for the 
odd Phenomenon of intermitting and reci- 
procating 


ield 203000000, or 203 Millions of Tons, and there- 
= all the nine will produce 1827 Millions of Tons; 
which is but little more than 3 of the Quantity (5280 
Millions af Tons) evaporated every Day from the Sea. 
The 5 nearly of this prodigious Quantity of Water, 
the Doctor allows to Rains which fell again into the 
Seas ; and to the Rain imbibed by the low Parts of the 
Earth, and ſpent in Vegetation in general. 

14. The Quantity of Water exhauſted from the Me- 
giterranean, being ſo much greater than whatis returned 
by the Rivers, is the Occaton of the Water's ſetting 
in from the Ocean, to ſupply the Deficiency, by a con- 
tinual Influx or Stream, which before this Diſcovery 


was one unaccountable. Alſo, hence it appears, why 
che 


pian Sea, though it receives the Waters of man 

large Rivers, is yet never liable to overflow ; becauſe 
the Waters, brought in by the Rivers, are exhauſted 
by the Sun, Wind, &c. * the Difficulty is, on the 
other Hand, ſince the Exhalation is ſo much greater 
than the Supply by the Rivers, why the Sea does not 
appear diminiſhed, or its Waters continually waſting ? 
which Thing has never been obſerved. 

I 8 The prodigious Quantity of Vapours raiſed by 
the Sun's Heat, and otherwiſe, being carried by the 
Winds over the low Lands to the very Ridges of Moun- 
tains, as the Pyrenean, the Alps, the Appennine, the 
Carpathian, in Europe; the Taurus, Caucaſus, Imaus, and 
others in A/fia ; Atlas, the Montes Lune, or Mountains 


| of the Moon, with other unknown Ridges in Africa; 


I fay, the Vapours being compelled by the Stream of 
Air to mount up with it to the 'T'op of thoſe Mountains, 
where the Air becoming too light to ſuſtain them, and 
condenſed by Cold, they precipitate in Water, and 
gleet down by the Crannies of the Stone; and Part of 
the Vapour entering into the Caverns of the Hills, the 
Waters thereof gather as in an Alembic, into the Baſons 
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procating Springs; and al ſo in that Inſtru- 
ment called the Tantalus- Cup. The Rife of 
| Water 


us of Water that comes thither, runs over by the 

weſt Places, and breaking out by the Sides of the 
Hills, forms fingle 2 : 
16. Many of theſe Springs running down by the 
Vallies between the Ridges of the Hills, and coming 
to unite, form little Rivulets, or Brooks -; many of 
theſe again meeting in one common Valley, and gain- 
ing the plain Ground, being grown leſs rapid, become 2 
River ; and many of theſe being united in one common 
Channel, make ſuch enormous Streams as the Rhine, 
the Rhone, the Danube, &c. And it ”m almoſt paſs 
for a Rule, that the Magnitude of a River, or the 
Quantity of Water it — is proportional to the 
Length and Heights of the Ri 
Fountains ariſe. 


17. This beautiful Account of the Origin of Springs 


and Rivers has been received with univerſal Applauſe 
and Satisfaction in the learned World. I ſhall now add 


a Word or two concerning the different Sorts of Springs 


which we find in divers Parts of the Country. But 
one Thing I ſhall firſt remark, and that is, it has been 
aſſerted, and often taken for that there are 
Springs of Water upon the v ops, Summits, or highs 
arts of Mountains ; which Poſition is contrary to 

Hydraulic Law of Fluids, by which they riſe to the 
Level of the Fluid in the Reſervoir, but no higher ; 
and not only that, but is undoubtedly falſe in Fact: 
For I have myſelf examined moſt of the remarkable Hills 
in the Ne, South, and Parts of England, but 
could never diſcover any ſuch Thing ; though I often 
found them on the Sides, not far below the Tops, 
but low enough to acegunt for their being there. 
And Mr. Cafwell carefully examined the Tops of the 
Mountains in Wales (at the Deſire of a Friend) and 
could find no Spring there. I ſhall therefore conclude 


2 never was, nor can be any ſuch Thing in Na- 
re. 
| 18, The 


dges from whence the 


hy 
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Water in Wells alſo is owing to the Weight 
of that in the ſubterranean Ciſterns from 
. Ya whence 


18. The ſeveral Sorts of Springs obſerved are (1:) 
mmon Springs, which either run continually, and then 
they are called Perennial Springs ; or elſe run only for 
a Time, or at certain Times of the Year, and then 
they are called Temporary Springs. (2 ) ary has. 
Springs, or ſuch as flow and then ſtop, and flow and 
ſtop again, by regular Alternations or Intermiſſions. 
(3.) Reciprocating Springs, whoſe Waters riſe and fall, 
or flow and ebb, byregular Intervals, or Reciprocations 
of the Surface. All which are produced after the fol- 
| . lowing Manner. . 
Plate 1. Let AB CD E repreſent the Declivity of a Hill, 
XV II. whoſe Section, from Top to Bottom perpendicularly, 
Fig. 1. is ſhewn in the Figure; in which let FG H be a Ca- 
| vern or Baſon near the Top which collets the Water 
gleeting through the Crannies, and has a Drain or Duct. 
leading from H to the Side of the Hill at B. *Tis 
evident when the Water riſes te the Drain H, it will 
deſcend through it to B, where it will break out in 
= Form of a Fountain or Spring, and will continue thus, 
_ fo long as the Reſervoir is ſupplied with Water above 
the Level F H, and after that it will become Ip Thus 
we ſee a Spring may be generated near the T op of the 
- bigheſt Hills or Mountains. Of this we have a not- 
able Inſtanee near the Top of Lanſdown Hill by Bath. 
20. There is one odd Phenomenon of ſuch Springs 
that is ſometimes obſerved, - and that is, that they run 
in dry Weather, and are dry in wet Weather ; to account 
for which, we need only obſerve, that while the Wea- 
ther continues * the Waters are gathering into the 
Baſon or Reſervoir, till there is a ſufficient Quantity 
to run over and make the Spring play, by that Time 
the Weather is altered and becmme dry; during the dry 
Weather, the Remains of the laſt Rains (for cheſs 
Springs proceed chiefly from Rain-Water) are conti- 
nually feeding the Reſervoir, and by that means ſup- 
plying the Spring ; but by the Time theſe are all ſpenty 
| | th 


/ 
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Weather again alters to- Wet, and the Spring ceaſes 


Rains, and fo on. 

20. The INTERMITTING SPRINGS may be thus ac- 
ounted for: Let IK L be a Cavity in the Mountain, 
> which at I there is a feeding Stream that brings the 
Water from other Parts, and at K, on the lower Part, 

ere goes a Duct K 4 C, which is of a cugved or 
rooked Form, and conveys the Water to the Side of 
e Hill at C, where it breaks out in a Spring. Here 
is evident, that as the Water riſes in the Cavern, it 
ill riſe in the Duct at the ſame | ime, till the Surface 
f the Water I L be level with the- higheſt Part 4 of 

e DuR, after which the Water will deſcend from + 
> C; which Point C, being lower than the Orifice of 
e Duc K, will exhauſt the Cavern of all its Water; 
nd then the Spring will ſtop till the feeding Stream I 
epleniſhes the Ciſtern to the ſame Level I K, and then 
e Fountain will play again: This ſuppoſes the Duct 
C to carry off more Water than the other at I brings 
d the Ciſtern ; and then every Thing follows from the 

ature of the bended Syphon, as explained in the next 
[nnotation. 4k 

21, The RecterRocaTinNG SPRINGS are occaſioned 
fter this Manner. Let MN © be a Cavity ſupplied 
y a feeding Stream PM, and alſo by a Syphon KA O, 
hich brings Water from another Cavity above, as 
KL; the Duct ND carries the. Water to the Side 
df the Hill at D, and there makes a conſtant 8 ring, 
dy virtue of a conſtant Supply of Water by the Drain 
PM. The Water at D will alſo flow and ebb alter- 

ately z for when the Syphon K + O works, the Surface 
of the Water MO will be ſuddenly raiſed; and preſs 
pon the Water at N with a greater Force, by which 


and raiſe the Surface if confin'd; but when the Syphon 
intermits, or ceaſes, the Momentum of the Water at D 
s not ſo great as before, and then the Spring will ſink or 
decreaſe. 4 

22, In like Manner we account for the Riſing of Waz 
ter in Wells. Thus ſuppoſe a Well be ſunk at the 


Foot of the Hill at E, to ſuch a Depth E V, ö 
Vo. II. " 'C 2 Fl 1 1 


1 


f courſe, till it meets a freſh Supply from the preceding 


Means it will iſſue out at D with a greater Velocity, 


brin 
10 * 
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| 5 
bring the Diggers to an Eruption of a Spring at V, 
whoſe Water is brought by the Duct RV (or many of 
them) from a Cavity QR S in the Hill (or otherwiſe 
from a Pond, a River, the Sea, &c.), tis evident the 
Water in the Well will riſe from the Bottom V to an 
Altitude VT, where the Surface of the Water at J is 
upon a Level with that in the Reſervoir Qs, and thus 
conſtitutes a Well. 

23. If thoſe Reſervoirs of Water, in the. Body of 

Mountains be ſituated where Mineral Ores abound, or 
the Ducts or feeding Streams run through Mineral 
Earth, *tis eaſy to conceive the Particles of Metal will 
mix with, and be abſorb'd by the Water, which being 
ſaturated therewith, becomes a Mineral Spring or Well. 
If Salt, Sulphur, Lime-ftone, &c. abounds in the Stra- 

ta through which the Water paſſes, it will then be fa- 
line, ſulphureous, Lime-Water, &c. If Sulphur and 
Iron ſhould both abound in the Parts of the Hill 
whence the Waters come, the Waters will partake of 
the Warmth or Heat which is occaſioned by the Mix- 
ture of two ſuch Subſtances in the Earth, where they 
gare found. Now, though every, Thing may not hap- 
pen preciſely in the Manner as here repreſented, yet 
that it is in ſome Way analogous to it, I believe no 

Peerſon will doubt, who has been at the Peat in Derby- 

1 ſhire, or at Wookey- Hole in Somerſetſhire, and ſeen the 

„ wonderful Caverns, Receptacles, and Streams of Water, 

which Nature has there furniſhed in the Bowels of the 

Mountains. a 


„ 
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24. I ſee but one Objection which can be made to 
the foregoing noble Theory of Dr. Halley, and that is, 
that a Body of Water heated to the ſame Degree with 
the hotteſt Summer Air, will certainly evaporate more 
from a given Space in a given Time than the deep 
Waters of the Sea, whoſe Surface only is affected by 
the Heat of the Summer Air; and therefore in all Pro- 
bability the Doctor's Quantity of Water raiſed in Va- 
pour was much too great, To which I anſwer, (1.) 
The Rivers are ſuppoſed to return much more Waters 
to the Sea than they really do; for no one can imagine 

2 re 


„ HyDRrAULICS. 19 


whence they are ſupplied by proper Canals 
or Springs (LXXII.) 2 8 
FROM 


there can be 9o Times the Water of the Thames brought 
to the Mediterranean by all its Rivers. (2.) The Doc- 
tor accounts for Springs by the Quantity of Vapour 
exhaled by the Sun alone; whereas if we abate near half 
this Quantity, and take in what is raiſed by the Wind 
and Agitations of the Sea, together with the large Sup- 
plies from Rain, melted Snow, Ic. we ſhall undoubtedly 
find ſufficient Matter for the Sources of all the Rivers 
and Springs. (3.) As the Vapour is exhaled from 
the Surface of the Water only, it will be proportional > 
to the Heat in the Surface only, which muſt be nearly 7 
the ſame. for the moſt Part of the Day with the conti- 2 
guous Air; and therefore the Caſe is not fo widely dif?EWUMH— 
ferent from the Doctor's Experiment as might be at firſt _ 
imagined. 5 | 
(LXXII.) 1. The Nature of the bended Tube or Sy- 
phon (of which we have made ſo much Uſe in the pre- 
ceding c will eaſily appear by conſidering it as 
follows. AB CD is a Veſſel, into which is inſerted at plate 
the Bottom a bended Pipe BG HI K to repreſent the XVIII. 
Syphon. Now if Water be poured into the Veſſel, it Fig. 2. 4 
will as it riſes in the Veſſel riſe alſo into the Pipe or Duct, 1 
till the Water in the Veſſel be upon a Level F E with * 
the upper Part G of the curved Tube; what more is 
poured in after this will run over the Bend at G down 
the lower Part G H; and from the loweſt Point H it 
will, by the ſame Principle as before, be forced into the 
riſing Part H I, where at the Bend I it will again run 
over, and deſcend through the Part I K, and at K it will 
run out, as being lower than the Level of the Bottom of 
the Veſlel C L. | | | 
2. That the Pipe muſt neceſſarily be full to the ſame | 
Altitude every where as the Water ſtands in the Veſſel, 
by the Preſſure of that in the Veſſel, is evident from 
what we have ſhewn in Annotation LXX. And ſince it 
can riſe no higher in the Veſſel than in the Pipe, and 
in the Pipe it can riſe no higher than the bendeg Parts 
| C 2 G or 


_ "4 Re 
_— '7 45. 4 
* 
„ 

* * Vi 

n 

* * 
* * 4 - 
2 44 


HyDRAULICS. *® 


FRroM the Preſſure of the ſuperior Fluid 
we have the Invention of a Natural Foun- 
Rs tain, 


G or I, therefore it can riſe no higher in the Veſſel than 


thoſe bended Parts of the Pipe. Again, becauſe the Preſ- 
ſure of the Air upon the Water at FE in the Veſſel 
and upon the Orifce at K is equal, therefore if the Ori- 
fice K were in the ſame Level with the Bottom of the 
Veſſel CL, the Water, having the ſame Altitude EB 
and ML, would not run out at the Orifice L, but re- 
main in Equilibrio with that in the Veſſel. 

3. But, laſtly, ſince the Orifice K is below the Level, 
the Water at K will have a greater Altitude MK, and 
therefore a greater Preſſure, or Momentum, and ſo will 
prevail againſt the equal Preſſure of the Air, and run 


out; and will continue to run out, till all the Water 


in the Veſſel be exhauſted, becauſe the Preſſure of the 


| A Air upon the Surface F E will force the Water into the 


Pipe to prevent a Vacuum, which muſt otherwiſe hap- 
n in ſome Part thereof, which is abſurd, or contrary to 
ature, : is 
4. For ſuppoſe the Water were not to enter at B as 

faſt as it runs out at K, there muſt happen a Separation 

of the Water in ſome Part of the Pipe, as at I for In- 
ftance ; then the Water running out at K will cauſe the 
ſeparated Part to deſcend from I towards L; and ſince 

Nothing can get into the Space between the ſeparated 


Surfaces of Water at I and L, all that Space muſt be a 
pure Vacuum, and therefore the Water muſt be at reſt in 


the Pipe between B and I, though the Prefſure of the 
whole Atmoſphere acts upon the Part at B, and nothing 
at all at the Part I to reſiſt or counteract it; which is 
contrary to the Nature or Definition of a Fluid, as has 
been abundantly ſhewn in Annot. LIII. and all the ſub- 
ſequent ones. | 5 

5. This bended Syphon is uſually called a TANTA- 
LUs, from the Semblance of the Experiment made 
with a Man in a Glaſs to the Caſe of Tantalus in the 
Fable; who, according to the Poets, was ſentenced for 


his horrid and unnatural Crime of killing, boiling, and 


rving 


* 
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lain, which playing from the ſmall Orifice 
of an Adjutage at the Bottom, will ſpout 


very 


ſerving up his own Son ata Feaſt of the Gods, to ſtand 

in a River of Hell up to kis Chin in Water, which yet 
he is not permitted to ſip to quench his eternal Thirſt. 
Now this Tantalus is the Man in the Glaſs with a Sy- 
phon concealed in his Body, beginning in the Bottom 
of one of his Feet, and ine to the upper Part of 
his Breaſt; there it makes a "Turn, and deſcends thro* 
the other Leg on which he ſtands, and from thence 
down through the Foot of the Glaſs, where it runs 
out, and cauſes the Water to ſubſide in the Glaſs, 
as ſoon as it riſes to the Height of the Syphon, or to 
the Chin of the Man, and thus aptly expreſſes the 
Fable. | 
6. This Syphon may very eaſily be concealed alſo in 
the Handle of a common * four" Hg Cup, and then it 
is called the TANTALUs-Cup: For the Top of the 
Handle being a little below the Top or Rim of the 
Cup, and the loweſt Part of the Handle or Syphon be- 
low the Bottom or Orifice by which it communicates 
with the Cup, will cauſe the Cup to have the Property 
of emptying itſelf when filled to the Brim ; as is eaſy ta 
underſtand from what has been ſaid above. 


SCHOLIUM. 


7. The Nature of this Syphon, or the hydraulic Law 
of Fluids on which it depends, was not underſtood by 
the Ancients ; for though we read ſurpriſing Accounts 
of the Roman Aquadu:ts and Pipes, by which they 
conveyed Water to the Diſtance ſometimes of five or 
ſix Miles, yet we find no Mention made of any other N 
than horizontal and deſcending Pipes or Ducts, and 
never of any riſing or aſcending. If the Water was to 
be conveyed where a Valley interpoſed, they with great 
Expence and Labour conſtructed a Water-Courſe over 
the ſame, ſupporting it with vaſt Piles and Arches, 
ſometimes from the Depth of an 100 Feet. Whereas 
z ſingle Pipe laid aver the Vale would have done the 
| C 3 Bufineſs. 
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very beautifully nearly to the Height of 
the Water from the Fountain; but it can- 
not quite reach that Altitude, by reaſon of 
the Air's Reſiſtance (LXXIII.) 

5s, | FROM 


"Buſineſs moſt effectually. If a Mountain interpoſed, 
we find they would ſometimes carry their Aqueduct 
through the very Body of it by Dint of Labour, which 
ſurely could not have been their Choice, had they 
known that a Pipe laid over the Top coming from a 
- Reſervoir of a proper Height would have anſwered the 
fame End. Such Reſervoirs indeed ſuppoſe the Uſe of 
Pumps to raiſe the Water into them; and Pumps they 
had of various Kinds, but could not apply them, for 
1 09%; want of knowing the Theory. They who would ac- 
J > quaint themſelves with the Magnificence of the Ro- 
mans in regard to their Water-Works and Aquæducts, 
may conſult Frontinus, and others who have wrote on 
A - this Subject. \ ; | 
1 plate (LXXIII.) 1. The Theory of Natural Fountains, 
XVIII. or Jet d' Laus, depends on the following Principles. 
Fi. 2. It has been ſhewn, that Water coming from a Reſer- 
voir ABCD, through the Pipe EF GH, will riſe 
x | from the loweſt Part G to the ſame Altitude H, in the 
Part GH, as is upon a Level with the Surface of the 
Water AB in the Reſervoir : And alſo that it thus roſe 
from the Point & by a Force of Preſſure proportional to 
the Altitude of the Water in the Reſervoir, which is 
equal to the Altitude G H, Annot LXIX. 
2. Now | preſume *tis very evident that the Tube 
& H itſelf can contribute nothing towards the Water's 
" riſing init; but, on the contrary, it rather impedes the 
Aſcent by the Friction it occations to the Particles 
which move againſt the internal Surface thereof, There- 
fore if the Part G H be taken away, the Water would 
riſe to the ſame Height H, excepting ſo far as it is qb- | 
ſtructed by other cencurring Incidents ; for in all Foun- 
_- tains the Height GI is ſomewhat leſs than GH, the 
Height in the Tube, for the following Reaſons. 
3. Firſt, 
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FROM this Preflure of Fluids, as the 
Cauſe, we can eſtimate the various Mo- 
| menta 


3. Firſt, The Air's Reſiſtance is an Obſtruction to 
the Jet, and diminiſhes its Height ; and fince we know 
that the Reſiſtance of Fluids is proportional to the 
Squares of the Velocity, ( Annot. LXVIII. Art. 4.) 
and the Deficiency of Height H I is proportional to the 
Reſiſtance ; therefore a Jet that plays , with a double 
Velocity will have that Deficiency four Times as great; 
and with three Times the Velocity, nine Times as 
great; and ſo on. 

The ſecond Impediment is the Friction againſt 
the Sides of the Hole, and the Adjutage at G; and 
ſince this is in proportion to the Quantity of Surface in 
the Hole, it will be greater in a ſmall Hole than a large 
one, in reſpect of the Body of the Jet, or ſpouting 


Water; becauſe the Jet will increaſe in Magnitude with - 
the Square of the Diameter of the Hole, whereas the 
Reſiſtance will increaſe only with the Diameter ſimply. - 


Or a Hole of twice the Diameter emits four Times the 
Water, and gives but twice the Reſiſtance. This makes 
a ſmall Jet riſe to a leſs Height than a large one, from 
the ſame Reſervoir. 
5. A third Impediment ariſes from hence, that ſince 
all the Particles ſet out from G with an equal Velocity, 
and this Velocity is continually diminiſhing, it follows, 
that the Velocity of the inferior Parts is greater than 
the Velocity of the Parts above them, and therefore 
muſt in ſome Degree ſtrike againſt them : by this Im- 
pulſe (ſince Fluids move every way) the Particles will 
be urged ſideways, and the Column of the Jet be- 
come wider, and conſequently ſhorter than it would 
otherwiſe be. | a 
6. The fourth Cauſe why Jets do not riſe to the 
Height of the Reſervoirs is, becauſe the Water upon tha 
Top of the Jet does not 2 run off, but 
ſpreading into a Head, lies with its Weight upon the 
aſcending Water below, and hinders it from riſing ſo 
high as it would do. > will appear by a"! 
| 4 
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chrough the Sides or Bottoms of 
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menta or Forces of ſeveral Jets ſpouting 


Veſlels at 
different 


the Jet a little, that the upper Water may not bear 


upon the riſing Stream, for the Jet will then play higher, 


but be leſs beautiful. 


7. If the Hole of the Adjutage G be leſs than 3 of 
an Inch in Diameter, the — of the Attraction of 
Coheſion will extend itſelf through the Body of the Jet 
at the Hole, and greatly obſtruct-its Aſcent: hence 


the Riſe of Jets in Models for Experiments cannot be 


expected ſo high as others, becauſe of the very ſmall 
Holes made uſe of in them. Whence all Jets of larger 
Fountains (ſuch as are in Gentlemen's Gardens) ought 
to exceed + of an Inch in Diameter, and that in pro- 
portion to the Height of the Reſervoir, as will be ſhewn 
hereafter. 


8. If the Conduct-Pipe E F G be not of a proper 


g 5 Size to ſupply Water as faſt as it can be expended at 
the Adjutage G, the Jet will likewiſe be checked, and 


will not riſe to the full Height. To aſcertain the 
Proportion of the Conduct-Pipe to the Bore of the 
Adjutage, is the Buſineſs of Experiments; and what 


has reſulted from thence, in regard to this Matter, will - 


* 


be ſhewn in a Table by and by. | 
9. And one Thing more is neceſſary to be known, 
that the Jet may play the higheſt poſhble, viz. that the 


Part of the ConduQ-Pipe at the Adjutage does not 


turn up at a Right Angle, but with a gentle eaſy 


Curve; that is, not as at G, but as at L, where the 


Jet plays to a greater Height at K. The upright Part 
at G directly reſiſts the Water coming from F, where 
the Curve at L cauſes the Impulſe of the Water againſt 
1: to be very oblique; and therefore a leſs Part of its 


Momentum will be deſtroyed, and conſequently the 


greater remaining Force will throw the Jet the higher. 
10. From what has been ſaid in Art. 4. it appears 
(ceteris paribus) the Hole in the Adjutage ought to be 
made in a thin Plate of Braſs, and not through the- 


Bore of a Tube of any Length, becauſe of the Quan- 
2 | , ti: y 
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different Depths below the Surface: For 
the Momentum of Fluids, as well as ſolid 
Bodies, 


tity of Surface in ſuch an Adjutage-Piece, which mult 
greatly retard the Jet, and diminith the Height. This 

is a Fault which moſt People have run into for want of 

an experimental Knowledge of this Science. For the 
Sake of Beauty they ſcrew on ſuch a conical Piece as re- 
preſented at M. of an Inch in Length, inſtead of a Plate 

of Braſs, whoſe Thickneſs need not exceed the 40th Part 

of an Inch for very large Jets, and whoſe Friction will 
therefore be 40 Times leſs. 

11. If the Jet be play'd from G, the Velocity with Plate 


which it ſets out from the Adjutage, will be as t XVIII. 2 
and throw it to its full Height 80 20 once; bur NF ig · - 
the Pipe deſcends below F G to HI, and thence re- 


turns upwards again to the ſame Level F K, and the © ; 
Jet be play'd from K, the Velocity with which it ſets  * by 
out from K at firſt will not be the ſame as the Velo- © 
city from G, that is, it will not be as , FU. or 
i I, but it will be as QH — FE, 
which is leſs ; and therefore the Height at firſt will be 
only K L, from whence by Degrees it will riſe to M 
upon the ſame Level with C, fo that its laſt Height 
KM will be equal to the Height G C of the Jet 
from G. * | 
12. The Truth of the laſt Article is thus demon- 
ſtrated. The Water in the Legs QH and I K are to 
be conſider'd as two Non-elaſlic Bodies, whoſe o 
menta {being as the Preſſure) are as the Altitudes Q H 
and IK; and fince both the Velocities and Quantities 
of Matter moved in a given Time, are as the Square 
Roots of the Altitude (as will be ſhewn in the next An- 


notation) therefore we have QH = \/ QH x/ Q H, 


and I K IR * V I Ez and ſince the Difference 
of the Momenta, divided by the Sum of the Bodies, 


gives the Velocity after the Stroke ( Annotation. 
XXIII. Art, 4.) which we will call A therefore 
| | V QH 
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Bodies, is compounded of the Quantity of Mat- 
ter and Velocity; but in ſpouting Fluids, 


the 


I 


V QU+VIK : =x=\/ QU 
A, (becauſe /QH x V H- VIE 
/TK=V QHE+VTEXxV/V/QH —VIK; 
which is the Velocity of the Water at firſt ſetting out 


from K. 
13. But ſince Fluids act not by a ſingle Impulſe, as 


— 


Solids do, but conſtantly; the Velocity of the Water at 


K will not be equable at firſt, but accelerated for ſome 
Time, that is, till all the Water in the Leg I K ſhall 
be brought to move with the ſame Velocity with that in 
the Leg Q H when it comes to be uniform: For as the 


Velocity in the Leg IK is accelerated, fo by its Re- 


action does it retard the Motion or diminiſh the Velocity 
of the Water in the Leg QH ; but as it cannot e 


deſtroy the Motion of Q H, that which remains mu 
be equable ar uniform; and what that is will eaſily ap- 
pear if we only conſider, that that Part of the Motion 
which is deftroyed in AH by the Re- action of the Leg 
IEK muſt be equal to its own Mementum, which is 
IK (becauſe Action and Re- action are equal); there- 
fore the remaining HAomentum of Q H will be QH — 
IK =QH—FH =QF; wherefore the laſt Velocity 
will be as V A, and therefdre equal to that at G, and 
ſo carry the Water as high; that is, the Jet will riſe 
from L to M, as high as trom G. 

14. To give an Example: Suppoſe Q H = 25 Feet, 
FH=IK g); then QF = (QH HF =) 16; 
therefore the firſt Velocity will be to the laſt Velocity as 
Aer E: V QH—IK (= QF) 4. 
V 25=Sg=5—3=2:V 253—9=v/ i 
= 4. Confequently the Height of the Jet KL is to 
the Height at laſt K M, as 2 to 4. And thus you carry 


. the Calculation for any Length of the Leg I K what- 
Oe er. ; 


15. I 


HyDRAULICS, 
the Quantity of the Fluid iNuing through the 


fame Hole in the ſame Time is always as the 
Celerity of its Motion, as is eaſy to conceive: 
Whence the Momenta of ſpouting Fluids are 
proportional to the Squares of the Velbcities, cr 
Quantities of Matter iſſuing out in a given 
Time. But fince the Momenta are the Ef- 

| fect 


15. I ſhall here . a Table of the Height to 
which Jets will riſe in Feet and decimal Parts from Re- 
ſervoirs of an Height of five Feet to 150 Feet, 


| 


$93; | 


| 
4+91122[20, 58039 34,9356 48, 247360, 7 . 95 72,48 
58823021, 464003 5.74 5748, 99 74542 91 73.151 

7] 6, 8402422, 33041 36,5558 49.74 75ʃ062.130 92 73˙82 | 
8] 7,80[25$123,2042/37435,59/59,49,70,02,84} 93] 74:49 
91 8,74 24.043 36.74% 5,463.54 94] 7516 
to] 9,68 27 24, 9204438, 93615 1,9978 64, 24 95] 75,83 
254781451397 516252473 7964294] 96] 79,49] 

11,5 926, 6 164⁵,.53063 53, 4780065, 64] 97] 77-15 
13112, 48.30 27•4847 41,3 1164/54,20 81 66,33 98 1 
14013, 4003 1028, 3245/42, 0965 54,93 82067, o: 78.47 
15 14431 32,29, 16[49 42,87 605 5,6883 657,7 10100 79,12 
Ib [522133 6. 5 43,65 65 599199 (rn 910 

710, 13.3430, 8305 144,428 57, 12.8 5069, 08 120 91, 

18 7,0335363 5204896 57.84 806g 761130 97,99 
1911 7:93,30 32,47|5314$90(70\58, 56,87170,471140 103,97 
20118,82 37 33739054 46,72 562.9 8871, 144150 107,87 


2119.70.38 34,11 535!47,48]7 2] o. 80 7784 


” ' 1 | " | 

[> Fet. E Fet. 2] F-t. 8 Fet. E Fet. E Jet. 
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6 


— 


16. By various Experiments that have been made by 
Mr. Mariette, Dr. Deſaguliers, and others, it has been 
found, that if the Reſervoir be five Feet high, a Con- 
duct-Pipe 1 3 Inch Diameter will admit a Hole in the 
Adjutage from I of an Inch to { of an Inch; and fo on, 
as in the following Table. | 

75 Height 
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fect of Preſſure, it is evident, he Velocity, 
or Quantity of ſpouting Fluids is even. pro- 


portional 
: Height of Diameter of the Diameter of the 
| Reſervoir, Adjutage. Pipes of Conduct. 
5 Feet — & to 4 - - 1.2 Inch, 
10 ——— # to z Inch — 2 Inches. 
I5 - I an Inch —— 2 Inches. 
20 — Z an Inch —— 2 Inches. 


25 ——— > an Inch 2 2 Inches. 


0 — to 3 of an Inch 3 Inches, or 35. 
1 2 | : of an Inch — 4 & Inches. : 
FY 50 ——— Z of an Inch — 5 inches. 
9 60 1 Inch 2 Inches. 


80 ——— 1 f Inch — 6 Inches. 
| 100 ——— I or 1 Inch 7 or 8 Inches. 


_ 1. Here the Jet is ſuppoſed to be within 100 or 1 
TDeeeet of the Reſervoir; but if the Conduct-Pipe muc 
= exceeds this Length, it muſt be of a larger Gm 
than what is here aſſigned. Thus for Jets from 3 of an 
Inch to thoſe of an Inch, and from Reſervoirs from 40 
to 90 Feet Height, if the Diſtance be from 150 Yards 
to a 3 of a Mile, the Diameter of the Pipe ſhould be of 
6 Inches; from a N of a Mile to two Miles, it muſt 
be of 7 Inches; and from two Miles to 5, it muſt be of 


1 8 Inches Diameter for the ſame Jets. 
| - 18. If it be required to keep any Number of Jets 
playing, whoſe Adjutages are given in Diameter, by 
one common Conduct-Pipe, we muſt find the Diame- 
ter of an r equal to all the given ones. Thus 
BY | if there be four Adjutages of 2 of an Inch Diameter 
| each, then the Square of 3 is x, which multiplied by 
Ws tlie Number of Adjutages 4, makes 13; the Square 
1 Root of which is? = 1 I = the Diameter of the Ad- 
8 . Jutage equal to all the four ſmall ones. A Pipe of Con- 
4 © duct of 10 Inches Diameter will ſupply all the Jets, as 
i being a little more than ſix times as great as the Dia- 
meter of the one large Adjutage now found, After 
‚ this 
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portional to the Square Root of the Preſſure 
or Altitude of the Fluid (LXXIV.). 
FROM 


: * 
this Manner the Dimenſions of a Conduct-Pipe ma 
be found for any other Number of Adjutages. - 


(LXXIV.) To repreſent theſe Propolitions in Sym- Pl. XV. 
bols may render them more perſpicuous, and, perhaps, Fig, 6. 


more elegant. Therefore let Water ſpout from the 
Side of a Veſſel at two different Depths B and E from 
the Surface of A; the Momentum of the ſpouting Fluid 
will be as the Force which protrudes it, and this Force 
is every where proportional to the Altitude of the Fluid; 
therefore the Momentum of the Water at Band E will 
be as A Band A R, which let be denoted by m and M. 
Then let v and V be the Velocities with which the Wa- 
ter ſpouts ; and q and Q the Quantities of Water iſſu- 
ing out in the ſame I ime from the err B and E, 
then we ſhall have m =v q, and Q And 


8 
2. Now the Quantity of Water ſpouting from any 


2 


Hole in a given I ime muſt neceſſarily be as the Velo- 


city with which it flows; for the greater the Velocity, 
the greater will be the Number of articles which come 
to the ſame Point in the ſame Time, or the greater will 
be the Quantity of Water which paſſes by the Orifice 
of the Adjutage, as is very eaſy to conceive ; therefore 


| m mM 
4: Q:: Uv: V:: — : ; conſequently — — — 
Q . Th 1 + * 7 Wa” 


xQ; or Mgq=mQQ,; whereforem: M:: 29: 
QQ: vv: VV, as is evident from the Proportiona- 
lity of the Roots.) Therefore alſo 9: Q::v:V:: 


Vn: VS M:: AB: VAL. 


3. Hence if AB: AE:: 1: 4, the Velocity at E 


will double the Velocity at B, and the Quantity of 


Water which flows from E will be twice as great as 


that which flows from B in one Minute, or any given 


Time. If AE be equal to 9 A B, the Velocity and 
| | Quantity 


».< 


Plate | 
IVI. 
Fig. 5. 


Plate 
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Fnxon hence it appears, thgt the Velocity 
of a Fluid. ſpouting at any Depth below the 
245; Surface, 


Quantity of Water will be three Times greater at E than 

at B, and fo on. | | 
4. Hence 'tis very evident the Velocity of a ſpouting 

Fluid, and that of an heavy Body, which it acquires 

by falling from the Surface of the Water A to the Ad- 

Jutage B or E (in Vacuo) will be both the ſame, as be- 

ing both equal to N or A E. See Anngt. XXII. 
t 


. alſo, if AB D E be a Veſſel of Water 
whoſe Surface is A B, then a Parabola D C E deſcribed 
on the Bottom D E and Height of the Water O C, will 
expreſs by its Ordinates a c, df, gi, km, E D, the Velo- 
cities with which the Water will ſpout from the Veſſel 
through Holes G, I, L, N, D, made in the Side upon 
a. Level with thoſe Ordinates reſpectively; becauſe theſe 


- Ordinates are as the Square Roots of the Abſcillze C b, 
Cc, Ch, &c. that is, as the Square Roots of the Alti- 


tude of the Fluid above the ſaid Holes. Thus if CT 
4 C b, chen a c: Im: Ch: /Cl:1:2::Ve- 
locity of the Water ſpouting from G to the Velocity of 
that ſpouting ffem N. And ſo in every other Place. 

6. Hence, if A B the Axis of a Prindals be equal 
to 4 BC its greateſt Semi-ordinate, the Point B will be 
the Focus, and B C the Semi-parameter of the Parabola. 
Now fince Water, or any heavy Body, falling from 
the Height A B, or Water ſpouting at the Depth A B 
below the Surface, will acquire at B a Velocity that in 
an uniform Motion will carry it over a Space equal to 
2 AB or BC; and fince in one Second of Time a 
Body falls through 16 Feet; therefore if we divide 
AB into 16 equal Parts, and B C into 32, and Ordi- 
nates be drawn through every Point of Diviſion in the 
Axis A B, and Perpendiculars to the ſame Point B C, 
then there will be exhibited at one View the yy. 
Velocities acquired by the ſeveral Falls or Jets of Water, 


from all Heights to 16 Feet. 
| | 7. Theſe. 
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Surface, is equal to the Velocity a heavy Body 


would acquire by falling from the ſame Height; | 


becauſe the Velocity, as was obſerved, 1s 


always as the Square Root of the Space 
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deſcended through. If therefore on the pl. xv. 
Altitude of the Fluid AK, as a Diameter, Fig. 6. 


we deſcribe the Semicircle AFK; and 
from any Point therein, as I, we draw 
the Perpendicularx I H, that ſhall be pro- 

portional 
7. Theſe Velocities are expreſſed by the reſpeQive 
Ordinates, and their Meaſure in Feet ſhewn by the 
Perpendiculars in the Scale B C on the Baſe. Thus, 


for Example, a Fall of 4 Feet gives an uniform Velo- 


- city of 16 Feet per Second; a Fall of 9 Feet gives 24; 


and ſo of the reſt. Alſo the Time of the Falls, being 


proportional to the Ordinates, might have been ex- 
preſſed by another Scale of 60 Thirds (equal to one 
Second) in the Baſe BC; but to avoid Confuſion, I 
have given the Scale of Time upon the Curve of the 


Parabola: So that any Queſtion relating to the Time, 


Velocity, or Height of a Fall or Jet of Water leſs than 
16 Feet, may be readily ſolved by Inſpection, and 
that to an Exactneſs ſufficient for the niceſt Caſe in 
Practice. | 

8. After the ſame Manner may a Parabola be con- 
ſtructed for all Heights to an 100 Feet; but that I leave 
to the Reader, that which I have given being nearly 
ſufficient for all common Occaſions. Such a Scale has 
been greatly wanting in Books of this Sort, and ſuper- 
ſedes the Neceſſity of thoſe large Tables which we find 
in ſome voluminous 'Treatiſes of Hydroftatics ; as thoſe 
of M. Belidor, &c. Note alſo, the ſeveral Ordinates 
of this Parabola expreſs the Lengths of a Cylinder or 
Column of Water iſſuing from an Adjutage at any of 
thoſe Depths in ode Second of Time, as being propor- 
tional to the Velocity at each reſpeCtive Place. , 
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n to the Diſtance to which the 
Fluid will ſpout from an Adjutage at H: 
For the Velocity will be as the Square Root 
of AH, and the Time as the Square Root 
of HK; whence the Product of theſe two 
will expreſs both the Space paſſed over by 
the projected Body, and alſo the Line HI, 
as is well known to Geometricians. 

HENCE it follows, that @ Fluid will ſpout 
from a Hole or Adjutage D in the Centre of 
the Semicircle, or middle Point of the Altitude 


AK, to the greateſt horizontal Diſtance K M 


Poſſible ; becauſe the Perpendicular FD is 


the greateſt that can be drawn to the Di- 
ameter AK. Alſo 'tis evident, that from 
two Holes B and H, equally diſtant above and 
below the middle Altitude D, the Jets of Wa- 
ter will be made to the ſame horizontal Diſ- 
tance KN; becauſe the Perpendiculars to 


| theſe two Points, vis. CB and IH, are 


equal. 
MorREoveEerR, the horizontal Diſtance 


EKM, to which the Water ſpouts from D 
the Centre, is equal to the Diameter or 


Altitude AK, or twice DF. For ſince 


the Velocity of the Jet at Q is equal to 
that acquired by falling through the Height 


AD, or DK, it will, as being uniform, 
wry the Fluid in an horizontal Direction 


over 
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6yer twice the Space DK or DF in the . ih 
fame Time: And therefore, ſinoe the Diſ- 3 
tances of Jets from D and B are as DF to 1 
B C, and the Diſtance of the Jet from D 
is equal to twice DF, the Diſtance of the 
Jet from B will be alſo equal to twice BC, 
or KN = 2 BC (LXXV.) 7 


I sHALL 


(LXXV.) 1. The Velocity of the Fluid ſpouting 
from B we have ſhewn to be as A B, and the Time 
it takes in going to the horizontal Line will be as V. 
„TT becauſe that would expreſs the Time if it were , X 
to deſcend to K in the Perpendicular BK, by Annet. 8.0 
XXVI. 4. And though it goes not in the Perpendicu- : 
lar, but is projected from B with an Impetus in an ho- 
rizontal Direction, it will not by that Means be any 
1 arriving to the horizontal Line, but only go in a- 
different Track, as is evident from what has been ſaid 
in Annotation XXIV. Therefore the Time of its com- 


ing to the Ground at N will be as M, that. is, as 
the Square Root of the Altitude of the Spout BK. 

2. Now the Spaces which ſpouting Fluids paſs ovet 
in an horizontal Direction muſt be conſidered as unis 
form, becauſe it proceeds from a ſingle Impulſe ; for 4 
Particle of Water, after it has made its Exit from the 
Orifice of the Adjutage, is no more affected by the 
Preſſure or Impulſe of the confined Water, and conſe- 
quently its Velocity in the Direction BC will be uni- 
orm. But in all uniform Motion the Spaces deſcribed 
are as the Rectangle under the Times and Celerities, or as 
v AB x BK ; but tiiis Rectangle is alſo as the 
Line BC. | 

3. For let there be.drawn AC and CK, *tis evident 
the Triangle ACK is ſimilar to the Triangle B CK; 
becaufe the Angles ACK and CBK are right, and yy XIX 
the Angle CK B is common to both; therefore AC: Fi. 1 
CK BC: BK. In the ume Manner we ſhew the 3 

A Triangle 
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farther through the bare Hole in the Veſ- 
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| 1 $HALL only obſerve farther in regard 
to ſpouting Water, that the Jet will go 


{el 


- Triangle ACK is ſimilar to the Triangle A CB; 


therefore alſo AC:CK:: AB: BC. Conſequently, 


AB: BC::BC: BK; therefore AB x BK = BC*. 


AndoBE=y/ ABx BK = /AB x BK. 
4. Now becauſe the Space the Fluid deſcribes ac- 
cording to the Horizon, and the Line B C, are beth 


proportional to the fame Thing, (i. e. to AB x 


BE) therefore they muſt alſo be proportional to each 
other; and fo the horizontal Diſtance of any Jet, as B, 
will be in Proportion to the Line BC ; and the Jet from 
D will be proportional to the Line D F, and fo on. 

5. If now D be taken into the Centre of the Circle 
AFK, the Velocity at D would — being uniform 
carry it through twice the Space AD = 2DF = D 
in the horizontal Direction or Line DP, as is evident 
from Annot. XXVI. y. becauſe the Particles of a Fluid 
obſerve the ſame Laws of Motion with larger Bodies. 
Conſequently, though the Fluid goes not in the Direc- 
tion or Line DP, it will go to the ſame Diftance from 
the Perpendicular D K on the Horizon; becauſe D K 
= APD, or the perpendicular Spaces, and conſequent! 
the Times of the Fall are equal. Whence, — 
the horizontal Diſtances deſcribed by Jets from D and 
B are as DF and BC, and the horizontal Diſtance of 
the Jet from D is 2 DF = DP = KM, therefore the 
horizontal Diſtance of the Jet from B will be equal to 
2 BC KN. 3 
6. From what has been hitherto ſald, tis eaſy to oh- 
ſerve, that the Motion of a ſpouting Fluid is every Way 
ſimilar to that of a projected Solid. The Path of the Fluid 
is a Parabola, becauſe it is impelled by two Forces, one 
horizontal, the other of Gravity in the Perpendicular, 


in the fame Manner as was ſhewn of the projected So- 


lid. The Impetus of the Jet B, D, H, E, is the 
Height of the Reſervoir AB, AD, AH, AE, the 


greateſt horizontal Random K M is that from the Jet 


D, directed 
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ſel at P, Q, or R, than through the Ad- 
jutage P B inſerted in thoſe Holes, and 


farther ſtill in Proportion as the Adjutage | 


18 


D, directed to the middle Point F of the Semicircle; and 
any two Jets equally diſtant, as B, H, go to the ſame 
Diſtance K N on the Horizon. If the Adjutage be ho- 
rizontal, the Jet will be a Semi- parabola; if oblique, it 
will de a whole Parabola. All which Particulars were 
obſerved to be the Properties of the Motion of ſolid Pro- 
jectiles; a Jet of Water being every Way the fame as 
a Diſcharge of ſmall Shot. ; 


7. But to apply this more particularly: Let ABC QL pl. XIX. 
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de a Fountain and Conduct-Pipe with an Adjutage Fig. 2. 


moveable on a Joint, to be ſet in any Poſition ; as per- 
pendicular, as at I oblique, as at K; or horizontal, 
as at L. In the firſt Caſe, a Jet will play upright to 
D ; the Height of which Jet I D is the /mpetus, or the 
Meaſure of the Force of the Machine to project the 
Fluid. If the Adjutage be placed obliquely, as at K, 


the Jet of Water will be the Parabola KF H; but if 


placed horizontally, as at L, it will form the Semi- 
parabola L N. Now in this latter Caſe it will be LM 
MN N NTA. = Latus Refum of the Parabola 
L N when completed. 
8. But it has been ſhewn, that the Impetus I D, or 
Force by which the Parabola is deſcribed, is equal tg 
one fourth Part of the Latus Rectum, (Annot. XXXIII. 


1 A 
12.) therefore it will always be ID = LN conſe. 


quently, +LM: MN MN: ID. So chat if we 
ſee a Jet of Water at any Time, and would know the 
Height of the Reſervoir whence it comes, we can ea 
find it by the Proportion above, becauſe the three. 
Terms are always given by Meaſurement. 

9. By this Means alſo we can eſtimate the Force by 
which any Fluid is projected, where no Reſervoir of 
Preſſure of Fluids is concern'd, but the Action of Solids ; 
as the Force by which the Urine is protruded ; the 

oe Force 
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is ſhorter and the Bore larger. On the 
contrary, if a Pipe be inſerted perpendieu- 
VEE larly 


Force of Reſilition in the Blood ſpouting from Veins 
and Arteries in N the Force by which the 
Chyle aſcends from the Receptaculum by the Thoracic 
Duct to the Left Subclavian Vein, or by which the 
Blood aſcends from the loweſt Parts of the Body to the 
Heart. In ſhort, Nothing in the Animal Oeconomy can 
be well underſtood but by an Acquaintance with the 
Hydraulic Laws of Fluids: For an animal Body is the 
moſt curious and compounded Hydraulic Machine in 
Nature. = | 
10. A ſignal Example of the Uſe of Hydraulics in this 

Reſpect I ſhall produce from the admirable Experiment 
of Dr. Hales in his Hemaſtatics. The Doctor cauſed 
a Mare to be tied down alive, and laid open the Left 
Crural Artery, in which he inſerted a Braſs Tube, and 
on that fix'd a Glaſs Tube; and then cutting the Liga- 
ture on the Artery, the Blood roſe in the Tube in an 
Inſtant about 4 Feet, and continued to riſe till it attain- 
ed the Height of 8 Feet and 3 Inches. In a Gelding 
he tried the ſame Experiment, and the Blood roſe to 
the Height of 9 Feet 8 Inches: This was in the ſame 
Artery as before. In another Mare he fix'd a Pipe and 
Tube into an Inciſion of the Left Jugular Vein, and the 
Blood roſe to 44 Feet; and then he fix'd it in the Leſt 
Carotid Artery, where the Blood roſe to 9 Feet and 
6 Inches. In an Artery of a Doe it roſe to 4 Feet 2 
Inches; in a Dog, to 6 Feet 8 Inches; in a Sheep, 
to 6 Feet 54 Inches; and he conjectures that it will 
very probably xiſe in a Man to the Height of 7 Feet and 
inches. Ss 

11. Now to eftimate the Force with which the Left 
Ventricle of the Heart (of the firſt Mare) propell'd the 
Blood, the Doctor found by Means of injected Wax, 
that the Capacity of the Ventricle was 10 Cubic Inches, 
and. the Surface on the Inſide was equal to 26 Square 
Inches; alſo the Area of the greateſt Section of the 
Ventricle from Apex to Baſe was 6,83 Square Inches: 
Conſequently the whole Preſſure upon the internal Sur- 
16 0 05 face 
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hrly into the Bottom of a. Veſſel, it will 
diſcharge itſelf ſooner through it, than 
a through 


face of the Ventricle was equal to 26 x 114=2964. Cu- 
bic Inches, (See Arnot. LV. 10, 11.) Alſo the Weight 
or Preſſure downwards was equal to 6,83 x 114=778,63 
Cubic Inches, that js, to the Height multiplied by the 
Area of the greateſt Section of the Ventricle. 

12, Now a Cubic Inch of Blood weighs 267, 
Grains; wherefore 2964 x 267,7=113,22 Pounds Avorre 
dupois, allowing 7008 Grains to a Pound; which there- 
fore is the Force of Preſſure upon the Surface of the 
Ventricle when dilated. Again, 6,83 x 114 = 29,7 
Pounds = the Force of Weight, or the Momentum of the 
Blood which the muſcular Fibres of the Ventricle muſt 
reſiſt in ſupporting ſuch an Altitude of Blood on ſuch 
an Area of Baſe, | 

13. The Velocity of the Blood entering the Aorta is 
thus computed ; The Ventricle each Syſtole throws out 
10 Cubic Inches of Blood, and the Area of a tranſverſe 
dection of the Aorta at the Heart is 1,036 ; therefore 
= 9,04 Inches = the Length of the Cylinder of 

» 

Blood form'd in paſſing through the Aorta's Orifice at 
each Syſtole of the Ventricle. The Ventricle contract- 
ed, or the Pulſe in the Horſe beat 36 Times in a Minute, 
er 2160 Times in an Hour; but 9,64 x 2160=208 rg, 4 
Inches, or 17 34,9 Feet would — in an Hour, if the 
Time of the Contraction of the Ventricle were equal to 
the Time between two Pulſes : But it is but a third Part 
of that Time; therefore three Times 1734,9 Feet, or 
5204,7 Feet, will be the Velocity per Hour, or ona 
Mile nearly, or 86,7 Feet per Minute, 

14. But this Velocity is abated by the Diviſions and 
Subdiviſions of the Artery into numberleſs Branches, ſo 
that in the fine Capillaries it muſt be nearly deſtroyed, 
did not other Powers take place to continue and aug- 
ment it; ſuch as the Re- action of the elaſtic Coats of 
the Arteries, the Attraction of Coheſion, and perhaps 
an electrical Virtue ariſing from conſtant Attrition, and 

3 extended 
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through the bare Hole, and ſtil} quicker 
as the Pipe is longer and larger (LXXVI.) 
RI II. Tas 


extended through all the tubular Compages. | 
- (LXXVI.) 1. Let AB be a Veſlel filled with Water, 
it will run out at the Bottom through a Hole with a Ve- 
locity at firſt proportional to the Height A C, which 
will conſtantly decreaſe with the Altitude till the Veſſel 
be emptied. If another Veſſel N K, equal to the former, 
has a Tube inſerted at the Bottom, as LM, the Wa- 
ter will begin to run out at M with a Velocity propor- 
tional to I M; the Veſſel N K will therefore be exhauſt- 
ed ſooner than the Veſſel AB. If another Veſſel E H 
be of an equal Diameter with the Veſſel NK or AB, 
and equal in Length to the Veſſel and its Pipe, the Sur- 
face of Water in each will begin to deſcend with equal 
Velocities ; but that in EH will foon become greater 
than that in N K, becauſe of an equal Altitude of the 
Water, and a freer Exit at the Bottom, as having no 
narrow Tube to retard it. | 

2. The Theory of Water running through a Hole 
E F in the Bottom of a Veſſel AB DC is of a curious 
Conſideration, and may be thus explain'd. AB is the 
Surface of the Water, or Diameter of the Orifice of the 
Veſſel; and ſince the Water muſt move from the Sur- 
face to the Hole E F, it muſt move in a Body of a par- 
ticular Figure AMEFNB, which is called the Cataract 
of deſcending Water. Now the Nature of the Curve 
AME or BNF is thus determined, 

3. The Momentum of moving Water is every where 
the ſame, (Aunot. LXX. 17.) viz. at AB, MN, or 


EF; alſo the Velocity at MN or EF is as / HR 


or H (Anlotat. LXXIV). If wenowtake MN 
as an Ordinate to the Curve AME, and put MR = 
9, and HR = x; then ſince the Quantity of Water 
flowing by MN in a given Time is as the Area of the 
Section or Square of its Diameter, viz. MN, 
which is as y „ and alſo becauſe the Velocity 


is as VHR N x, therefore the Momentum of the 
Water will be yx V. And becauſe this is wy 
| | here 


me 
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II. Taz ſecond Cauſe of the Rife or Mo» 
tion of Fluids is the Preſſure of the Air on 
the 


where the ſame in the moving Cataract, the. Quantity 
* Xx Vis given or conſtant; and fo * x = 3, 


and 3 =—> whence 85 ; which ſhews the Curve 


A) ME is 55 31 of the fourth Order, whoſe 
ymptotes are X I parallel to the Horizon, and I G per- 


— thereto. 


To find the Quantity or Magnitude of the Cata- 
at we proceed thus: Let mn be drawn 1 near 


MN, anne , and becauſe 5 we have 


1 n The Area of the Circle 


F 
upon the Diameter MN is p, but zyy x # = 


9 2 Fo Fee = 
CT = = te Car: But becauſe s = -> = . x 1% 
therefore x y y = * conſequently 2 xp ez 4 


taract; but 2x = 2IR, and pyy is the Area of the 
Circle MN. Therefore the whole Cataract from any 
Section to the Aſymptote X X, is equal to a 


ymp Cylinder 
whoſe Baſe is the Section of the — and its Ch 
twice the Height of the Cataract. 
5. Now, to very evident from what has been ſaid of 
the 7935 of e AME, that as ſoon as the 
W ater begins to run out at EF, there will be at that 
Inftant a Velocity in all Parts of the Cataract even in 
thoſe of the Surface A B. For let A = Area of the 
Circle upon A B, or Orifice of the Veſſel, and a = Area 
of the Hole EF; V =Velocity of the Water in Falte 
through the Hole, and v=&the Velocity at the urface 
AB; then becauſe it is Av=aVy we have V: v: 
A: a; therefore whatever Proportion a has to A, tha 
ſame Proportion will there be between v and V. 80 
that till A becomes infinite, or till W 
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the Surface of that in the Fountain or Re- 
ſervoir. Thus if a SYPHON or Crane be 
. | In-, 


XX, there will always be ſome Degree of Velocity in 
the Surface of the Water. But when A is infinitely 
greater than a, v will be infinitely leſs than V, that is 
nothing at all. | | 

6. Since the Aſymptote XIX (or the infigite Sur- 
face of the Water) is the higheſt Part of the infinite Ca- 
taract, and where the Velocity commences, it is evi- 
dent the Velocity will be in all Parts below, as at A B, 


E F, as IH and / IG; conſequently the Velocity 


of the Water is different from that of Bodies falling 


from the Height of the Fluid; for of ſuch a Body the 
Velocity at EF would be as A G, and at AB it 
would be nothing. * | 

7. Let G H H = the Height of the Water in the 
Veſſel, and 1 H=z, then will H+z=IG. And ſo V: 
9 : A: a:: Air NAti : HAZ: 5 ; 
* :: Ar: a:: H+ z: z; whence by Diviſion of 
Proportion, we have H 2: H:: V* : V- = 
| V. 
: A? — a- ; conſequent]y H + Z = I G = V. 


* 


* H 


8. According to Sir Iſaac Neætoten, Bodies fall in Va- 
cuo at the Rate of 1934 Inches, or 165 Feet, the firſt 
Second, which Velocity becoming uniform will carry a 
Body over twice the Space in one Second, wiz. 323 
Feet. But uniform Velocities are as the Spaces deſcrib- 


ed by them in the ſame Time; and the laſt acquired 


Velocities of falling Bodies are as the Square Roots of 
the Spaces deſcended through; therefore 322: V:: 


1 4 A H | 
i TG or MY Wherefore 323, /TG 


—a | —— 


< y 164 


or 96,3376 * Inches per Second. 
£ IP 9. When 
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immerſed with the ſhorter Leg in Water, 
and the Air ſygked out of the Inſtrument, 
the 


9. When A is very great in reſpect of a, then a* oy 
be rejected as inconſiderable; and fo the Exprefhon wi 

be reduced to 802773 H Feet, or 96,33276 H 
Inches, for the Velocity of the efuent Water per Second. 
But (as Sir 1/aac Newtan found, and is eaſy to obſerve} 
this Velocity is not fo great in paſſing through the Hole 
in Experiments, as the Theory gives it. Ihe Reaſon is, 
becauſe the Vein of effluent Water contracts itſelf, and 
grows narrower to the Diſtance of about a Diameter of 
the Hole below it ; where, b r Sir Iſaac found 
the Diameter of the Vein to that of the Hole as 21 to 253 
whence the Area of a Section of the Vein there will be 
to the Area of the Hole as 441 to 6235, that is, as i to 


* 2; conſequently, the Velocity of the Vein is to the 


Area of the Hole as / 2 to 1 in that Part, becauſe of 

equal Momenta in both Caſes. 

10. Hence, if I G = 48 Inches, and the Diameter of 
the Hole 1 Inch; then 48 + 1= 49 Inches will be the 

Height from the Place where tie Velocity is greateſt, 

Now the natural Velocities acquired by Water deſcend- 

ing freely, from the Heights of 48 and 49 Inches, are as 


6g to 70, and therefore nearly equal: Conſequently, the 


2 Inequality of 1 to 2, or the Diminution of the 
elocity in the Hole, muſt be owing to the Retardation 
accaſianed by the lateral Water reiiſting in ſome Mea- 
ſure its perpendicular Deſcent. 

11. Hence the Velocity of the Water in the Hole is 
very nearly equal to that which would be acquired in de- 
ſcending through 4 I G; becauſe the Velocity acquired 
by deſcending through I G is to that acquired by deſcend- 


ing through IG as 1 to 2. Whence the Velocity 
in the Hole is to be diminiſhed in the Ratio of 1 to 
v2 = 1,414. Thus, as 1,414 : I : : 8,2773: 
5567733 and as 1,414 : I : : 96,33270 : yoroay ; ſo 
that the true Velocity of the Water in the Hole is 


$6773 H Feet, or 68,1278 H Inches per Se- 
Cond. 
12. We 
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the Fluid will aſcend into the vacuous 
Space by the Preſſure of the Air on | 
«£4 the 


( 
12. We obtain an Expreſſion of the Velocity alſo in | 
other Terms, thus: The Quantity of (Q) of Water 
diſcharged is greater in Proportion to the Area of the | 
Hole (a), the Velocity (V), and the Time (IT) which | 
it ſpends, ThereforeQ = T V a; and fo V =-== 
68,1278 N H; and conſequently Q = 68, 1278 T a 
H. Or, becauſe a,= 0,785398 d d, therefore Q. | 
= 53,507476 dd T H Cubic Inches of Water. 
And becauſe a Cubic inch of Water weighs 253 } 
Grains, the Weight of the Water diſcharged will be 
W =,4355532ddT/ H. 
1 a Veſſel 10 Inches Square, 4 Feet or 48 


f 
l 
l 
Inches high, and having an Hole at the Bottom 1 Inch | 
{ 
( 
| 
( 


fquare : Then will A = 100, a = 1, and H = 48; 
: 7 . 
alfo A. = m_ a* = I, and fo N. 33 
1,0001, which may be rejected as inconſiderable. 
Wherefore 68,1278 H = 472 Inches ( fer? ) the 
Velocity of the iſſuing Water per Second. Q = 100 x 


48=4800 Cubic Inches : Whence == JET =TY 
Seconds, the Time in which ſuch a Veſſel would diſ- 
charge a Bulk of Water equal to its own Bulk, if kept 

continually full all the while. 

14. Now becauſe, when a is given, Q ITV; and 
when Q is given, TV = 1, and T = pa V ==; 
it is plain all theſe Caſes are the ſame with thoſe of Bo- 
dies moving uniformly, as in Arnot. XXII. And ſince | 
V is a given Quantity when it increaſes or decreaſes in | 
A given Ratio, therefore the above "Theorems will be | 
equally adapted to the unifermly accelerated and retard- | 
ed Motion of Bodies, whether Solid or Fluid, From 5 
whence we can eſtimate the Time in which the above- 
4 r mentioned | 


* *: 
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the Water in the Veſſel, and fill the 
whole Cavity of the Tube; and be- 
cauſe there is a greater Column or Body 
of Water in the longeſt Leg, it will prepon- 
derate and deſcend through it; and will 
keep flowing out, till the Veſſel is exhauſted 
to the Orifice of the ſhorter Leg (LXXVII.) 

I TIE 


mentioned Veſſel full of Water will be diſcharged by its 
on Gravity only. | 3 

15. Thus it is evident, that the Column of Water 
that ſtands over the Hole will deſcend alone —_ it 
in I Second, becauſe Bodies fall at the Rate of 4 Feet 


in Za Second, and that is the Height of the Column. 


If the Veſſel contains any Number of equal Columns be- 
fides, the Time of their Evacuation will be 1 
al; that is, Q will always be as IT, becauſe V in all 
Caſes (uniformly decreafing with the (VH) Square 
Roots of the Altitudes) is a given Quantity; and be- 
cauſe there are 106 ſuch Columns in the Veſſel, it will 
require 100 Half. Seconds, or 50 Seconds for the Time 
of the Diſcharge. This would be the. Time, were the 
Water to ſet out with the Velocity of the Deſcent 
from the Height of 4 Feet: But ſince the initial Velo- 


city is leſs than that in the Proportion of 1 to 2, 
(Art. q.) and ſince the Times are inverſely as the Ve- 
locities when Q or the Quantity of Water is given, 
(Art. 14.) therefore as 1: \// 2 = 1,414 : : 50%: 70,7 
= the true Time of the Diſcharge, 4 
(LXXVII.) I. It has been already ſhewn, that 
when a Syphon is firſt filled with, and then immerſed in 
Water, it is the Preflure of the Air that cauſes it to 
continue full, and that it runs out of the longer Leg by 
the Preponderancy of Water in that Leg. ( Annot. 
LXXII.) I ſhall only add here, that when the Air is 
drawn out by the Mouth-Piece, the Preſſure of the Air 
on the Surface of Water in the Veſſel cauſes it to riſe 
into and fill the Syphon; to evince which, we need 


s * 


43 


4+ 


FINE a @ <: 


HyDRAULI1ICS. 


Taz Effect of. the Common Pur is 
from the ſame Principle: For the Bucket 
or Sucker, raiſing a Column of Water 
above it in the Barrel, makes a vacuous 


Space, or greatly attenuates the Air in the 


Barrel and Pipe below it; whence the 


Water muſt neceſſarily riſe in the Pipe, by 
the ſuperior Preſſure of the Air on the Sur- 
face of that in the Well. The Water 
aſcending in the Pipe, paſſes through the 


Valve in the Bottom of the Barrel, which 


ſhutting upon the Depreſſion of the Suc- 
ker, the Water is thereby forced through 
the Valve of the Sucker into the Ciſtern 
of the Pump, and diſcharged through the 
Spout. All which is clearly ſhewn by the 
Model of a Pump in Glaſs (LXXVIII.) 

DO III. 


only put a Syphon, while working, under the Receiver of 
an Air-Pump; for upon exhauſting all the Air, the 
Syphon will ceaſe running. 

2. Or if the Syphon be equicrural, or has both the 


Legs of an equal Length, the Water will not run thro? 


it, becauſe the Force of Water againſt the Air at each 
Orifice is equal. The ſame Thing will be effected 
with a Syphon of unequal Legs, though the ſhorter Leg 
be immerſed. in Water, if the Syphon be fo inclined 
that the Orifice of both Legs be on the ſame horizon- 
tal Level. | need not after this give the Reaſon why 
the Water will not run out of the ſhorter Leg, if the 


longeſt be placed in the Water, 


(LXXVIII.) 1. I ſhall here give the Theory of 
Pump-Work, and the Structure of ſuch Pumps as are 


found to be moſt uſeful for the various Purpoſes of Life, 


I hepry depends in a great Meaſure upon ros 
Pe ton i h . | ro. 
> i '0 
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III. IV. Bur the moſt conſiderable of 
all WATER-ENnGINEs is that called New- 
ſham's 


Properties of the inverted Syphon, or Fountain, de- 
ſcribed in Annot. LXXIII. Art. 11, 12, 13, 14. Let 
ABCDEFG repreſent the inverted Syphon there de- 
ſcribed : Only here the Part ABCD repreſents a Co- 
lumn of Air, and DG the lower Part of the Pipe of a 
Pump immerſed in the Water of the Well H I. Let 
P be the Piſton of the Pump at E in its loweſt Situa- 
tion, and at F in its higheſt. Now as both theſe Parts 
communicate with the Water, one by preſfing on it, 
the other by opening into it, they may be looked upon 
as communicating with one another. h 


2. Now A B C, the Column of Air, would by its 


* 


Weight or Preſſure force up a Column of Water into 


the Pipe D G to the Height of 33 Feet, were the Air 
exhauſted from the ſaid Pipe, and continued to that 
Height (the Weight of a 9 oma of Air being equal 
to the Weight of ſuch a Column of Water of the ſame 
Baſe, as will be ſhewn hereafter). If now the Piſton P 
be thus thruſt down to E, meeting the Water there, 
and from thence it be raiſed to F with an uniform 
Motion, the Water will riſe from E to follow the Piſton 


with a variable Velocity; the leaſt of which is as AC 
D E, and the greateſt as AC-DE= AB 
by Annotation LXXIII. 12) 6 

3. If in lifting up the Piſton the Velocity of Water 
be leſs than that of the Piſton, it will not be able to 
follow it, but will leave a void Space between them, 
which will increaſe more and more as the Velocity of 


Water becomes leſs than that of the Piſton. he 


Conſequence of this will be, that a Part of the Stroke 
of the Piſton will be loſt; and not only that, but the 
Piſton, when the Water leaves it, will riſe very hard, 
as having the Weight of Water upon it, and the Air 
of greater Denſity above than below; whence the 
Equilibrium, which ought to be in Pumps, is deſtroy- 


ed, and the Balance againſt the Workmen, Now as 


this can happen where the Diameter of the Sucking- 
Pipe is equal to that of the Pump-barrel, much ſooner 
| Will 
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fham's Engine, from the great Improve- 
ments which Mr. Newſham made in it; | 
the 


will it happen when the Pipe is leſs than the Barrel, 
becauſe the Water riſing through a leſs Paſſage will be 
no longer in filling the Pump-Barrel, and therefore | 
quit the Piſton, — leave the greater void Space be- 
tween. $1 p LE | 
4. On the contrary, if the leaſt Velocity of Water 
riſing in the Pipe be greater than that of the Piſton, 

there will be no void Space; and the Pump-Barrel may 

be made in proportion as much wider than the Pipe as 

the Velocity of Water is greater than that of the Piſ- 

ton. Now that this may be the Caſe, we ſhall ſhew 

” by Calculation what Diameters the Barrel and Pi 
Pl. XIX. ought to have, compared with the Velocity of the Wa- 
Fig. 5. ter and Piſton, Let A repreſent the leaſt Altitude of 
the Atmoſphere AC=31 Feet of Water; BDF the 

higheſt Elevation of the Piſton above the Surface of the 
Water H I, which let be 16 Feet. And let the greateſt 

Velocity of the Piſton which can well be given to a 

Pump be that of four Feet in a Second=v ; and V = 

=. the leaſt Velocity of Water that riſes in the Pipe ; D= 
1 the Diameter of the Barrel; and 4 = Diameter of the | 
_ Fipe. | 
J. Now here we have T A- B=V= the leaſt 

Velocity of Water; and the Fall which will produce 

that Velocity is the Square of that Expreſſion, viz. A 
+ B—2 A B, that is, 31+ 1624/31 * 10=2 Feet 6 
Inches, the Height of the Fall required. Whereas by | 

the common Way of taking the Square of B, 
viz. A--B for the Height, we have 15 for the Fall, 
which extraordinary Error muſt be of very bad Conſe- 
guence in Practice. | | 


6. Here the Velocity / A—y/ B= FS 31—4/ 16= 
$,6b—4=1,6 per Second. The Velocity of the Wa- PEA 
ter at the Bottom of the Pipe D is as / A=5,6 ; that 
alſo mult be the Velocity of the Piſton at D, that the 
Water may follow it ; whence the Piſton moving with 
Velocity at F, where the Velocity of Water 

16 


the ſame 
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the Nature and Effe& of which will be 
eaſily underſtood from a perpendicular 
Section 


is but 1,6, we have 5,6 — 1,6 = 4 Feet of void Space, 
therefore 4 Parts in 5,6 of ſuch a Stroke would be loſt 
or ineffectual. We may here obſerve by the Way, that 
fince the Velocity of the Water at D is 5,6, and the 


greateſt Velocity which can be 4 to the Piſton (with- 


out damaging the —qrmony; is but 4 ; therefore a 

Piſton working at the lower End of the Pipe or Barrel 
will always have Water more than enough to prevent 
any void Space or Loſs of Labour. * 

7. But ſince we find fo great a Void in the Pipe at 
F of the ſame Diameter with the Piſton, tis evident if 
we contract all the Parts below F into a ſmall Pipe, as 
F D, and let the Part FG remain as it was for the 
Barrel of the Piſton to play in, as at F G, that then the 
Water will riſe into the 1 F with a greater Velo- 
city than before, in proportion as the Pipe is leſs; con- 
ſequently if the Bore of the Pipe F D be to that es 
Barrel F G, as the Velocity of the Piſton P, or the Water 
in the Barrel is ta the Velocity of the Water in the Pipe, 
there will always be a Sufficiency of Water to prevent 


a Vacuum in the Barrel. Which Rule in Symbols is thus 


expreſled; DD: dd:: V: o; whence D YA 

for a general Canon; any three of which Quantities 

being given, the fourth may be found. | 
8. Thus, for Example, m__ D, v, and V were 


given to find d, we have d=— * Let the Diameter 


of the Barrel D = 6 Inches. And ſuppoſe the Piſton 
gion 20 Strokes in a Minute, each a two Foot Stroke, 
pending as much Time in its Aſcent as Deſcent, then 
will the Motion of the Piſton be 80 Feet per Minute, 
or 14 ver Second; whence v= 44. Laſtly, to obtain 
the Value of U, we mult fix on the Length of the Pipe 
FD, which let be 16 Feet, then the higheſt Eleva- 


tion of the Piſton will be 18 Feet (if it comes to the 
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Bottom of the Barrel, as it ought to do) ; wherefore Pl. XIX. 
an Height of Water of 18 Feet in the Pump G D * Fig. 3. 


as 
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Section of 4 Model, with ſome Varitiort 
which I have made of the Structure thereof: 


The 
againſt the Weight or Height 31 Feet in the Leg A C. 
ow the Velocity V of the Water in the Pipe F D being” 


uniform, or conſtantly the fame, we muſt find what 
Difference of uniform Velocities, will be generated by 


Falls from 31 and 18 Feet Heights. Thus J 163: 


32:14 31:43 nearly; and "+4 161 32:2: L18321 
whence the Difference of theſe uniform Velocities will 
be 43 — 324 = 10 f = 10 Feet 5 Inches per Second; 


therefore V = io. Wherefore 


* 


9 I, 
= d a2 Inches 

for the Diameter of the Pipe FP. 
137. The Reaſon why we make no Uſe of the Expreſ- 
fion AC - DF in this Caſe, is becauſe this 
gives only the Difference of the inſtantaneous V elocitiess 
or the leaſt Velocity with which the Water at F can be- 
gin its Motion upwards ; whereas we here want to find 
what the cenſtant and uniform Motion of the Water will 
be, or how much it will ſupply every Second uniformly 
which is done by the Method above. For ſince a Fall of 
163 gives an uniform Velocity of 32 Feet per Second, a 
Fall of 31 Feet will give 43; thus a Fall of 18 Feet will 
give 322, and their Difference muſt be that of the Water 
at F. ; 

18. If we know the Velocity of the Piſton v, the 
Diameter of the Barrel D, and the Diameter of the 
Pipe d, we ſhall find the Velocity of the Water in the 
Pipe V = . 7 7 3 or thus in Words, Multiply the 
Square of the Diameter of the Barrel by the Velocity of the 
Piſton ; divide the Product by the Square of the Dia- 
meter of the Pipe, the Quotient will be the Velocity ſought 
from the Mater in the Pipe, This Velocity, when found, 
muſt be taken from 43, the Remainder 43—V will be 
the uniform Velocity produced by a Fall from the higheſt 
Situation of the Piſton to the loweſt Surface of the W 
ter in the Well, and which is found by ſaying, as 32 

| 105 


The Motion of the Water in this En- 


gine is effected by the Preſſure of the 
| Atmoſphere, 


WATT 43 V DF; whence DF the higheſt 
Elevation of the Piſton will be known. 
19. When we know D, V, and % we find v the 


Velocity of the Piſton by this Theoremy; v; that 


is, in Words, Multiply the Square of the Diameter 
of the Pipe by the Velocity of the Water in it, and divide 
the Product by the Square of the Diameter of the Barrel, 
the Quotient is the Velocity of the Pifton required. 2 

20. Having given the Velocity of the Water in the 
Pipe v, the Diameter of the Pipe d, the Velocity of 
the Piſton V, to find the Diameter of the Barrel D, we 


a V dd 8 LO Re 
have this Theorem: D = A that is, Multiply the 


Square of the Diameter of the Pipe by the Velocity of its 
Mater, and divide that Product by the 2 F the 
Piſton; the Square Root of the Quotient is the Diameter 
of the Barrel fought. | 


21. If a Piſton works in a Barrel or Pipe AD of the Pl. XIX. 
ſame Diameter from Top to Bottom; then we can find Fig. 6. 


the Height to which the Water will riſe at every 
Stroke of the Piſton playing at any Diſtance above the 
Surface of the Water BD. Thus let E be the loweſt 
Fart to which the Piſton comes, and let E D = 12 Feet 
Diſtance from the Water, and ſuppoſe its Length of 
Stroke EF = & Feet. I hen when the Piſton is at E, 
the lower Part of the Pipe E D is fill'd with Air of the 
ſame Denſity or Spring with the common Air, which 
call S; when the Piſton is raiſed from E to F, ſo that 
FD = 16, two Effects will follow; one is, the Air will 
now expand itſelf into a larger Space beneath the Piſton, 
and have its Spring weakened; the other is, that ſince 
the Spring of the Air in the Pipe is leſſen'd, it will preſs 
leſs on the Surface of the Water in the Pipe than the 
external Air preſſes on that without, the Water will 


riſe ſo far into the Pipe, till = Weight, together with 
* che 
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Atmoſphere, by the Force of Piſtons, and 
by the Spring of condenſed Air, in the fol- 
od lowing 
the diminiſh'd Spring of the Air, be equal to the Preſ- 
ſure of the external Air, 
22. Suppoſe the Water rifes to C ; call its Height 
CD=zx; then the Space into which the Air is expand- 
ed will be F C=16—x. Let its Spring thus diminiſh- 


ed be call'd ; then the Spring of the Air being inverſe- 
ly as the Spaces which it takes up, we have S: 5 :: 16 
— Xx : 12; therefore - 


16—7 2 The Weight of a 


Column of Water 32 Feet high is equal to the Preſſure 
of the Atmoſphere, that is, equal to 8; whence 32: 8 


EE = = the Weight of the Water x. But this 
added to the weaken'd Spring of the Air is equal to 8; 


thatis, — . — == =$; and dividing by 8, we have 


I6—x 

12 x - | 
ee 222 3 or 384 + 10x—x* = 5$12—32x ; or x* 
—48x—=— 128, and by adding on each Side the Square 
of 24 (to complete the Square) we have x*— 48x + 
$70=576—128=448, and extracting the Root, x—24 
== 44 = +21,166. Wherefore x=2,834=D C, 
the Height of the Water required. 

23. This Height taken from 12 = E D, leaves EC 
29,166; and calling the whole Height to which the 
Water will riſe by the firſt and ſecond Stroke together 
x, we ſhall have this ſecond x determined by the Equa- 


9, 166 


tion 


4 = I, inveſtigated and refolved as be- 
16—x 32 


fore. For ſince the Water C D cannot recede (by 
reaſon of a Valve below) when the Piſton a ſecond 
1ime comes to E, the Valve in the Piſton will be 
opened, and the Part E C again fill'd with common 
Air; whence 8: :: 16 —x : 9,166, Cc. as before. 
The Equation refolved gives x = 5,098, from which 
taking the firſt x = 2,834, there remains 2,264, for the 

| | * Height 


is nit. 


LAS 
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lowing Manner, viz. When the Piſten R 
is raiſed, a Vacuum would be made in the 


Barrel 


Height it riſes the ſecond Stroke. In the ſame Manner 
we caleulate that the Water riſes, : 


Firſt Stroke 2534 25,834 
Second — 2,204 —— 5,098 
Third —— 2,025 — 75,123 
Fourth —— 2,043 —— 0,166 
Fifth ——— 2,413 ——— 11,579 
Dixth —— 3,620 — 15,199 


24. But to fave the Trouble of a Calculation every 
Time we would find x for the various Heights of the 
Piſton, let us raiſe a general Theorem for all Caſes ; 
Thus let @ = the greateſt Elevation of the Piſton, 5 = 
leaſt, a—b = þ = the Length of the Stroke, and þ = 


Height of a Column of Water equal to the Weight of 


the Atmoſphere ; then the foregoing Theorem will 
become — 7=1, and ſo, a -* h b==xb; 


orax+hx=xx=ah—bh =þpb; putting —— 


=s, we have2s «-K K ph; and changing the 
Signs we have x x=2 5 x= p h; and compleating 
the Squate, x x —2 5x +$55=55 =p b; and ſo = 
* Ni and finally x = xy/s 5 = p b+s5. 
25. Now this general Theorem finds not otrfly x; 
but any of the other Quantities, having the Reſt given. 
Thus ſuppoſe the higheit Elevation of the Piſton be 16 
Feet ga, b=32z ; and 1 would raiſe the Water the firſt 


Stroke 10 Feet: Quære, p the Length of the Stroke? 


Here x=10, and 5 = == = 24; then above we had 


| 2 - _ 
2 5 K & x=þ h, whence p= —_— = 11,9, or 
near 12 Feet for the Length of the Stroke required. 


26. Since after every Stroke or Aſcent of the Piſton, 


the Air in the Barrel is in a dilated State; and ſince 


1 1 when 


ing Stroke. 
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Barrel T V, did not the Water follow it from 


the inferior Canal EM (through the Valve 


when the Piſton deſcends, the Water by its Tendency 


downwards carries down the Valve at D, and by this 
Means cuts off the Communication of the Air at D, 
and fupports the Column of rais'd Water, tis plain the 
Valve in the Bucket of the Piſton will be affected on 
its upper Part by the Weight or Spring of the common 
Air, and on the under Side by the Spring of the dilated 
Air only; and therefore, upon the Deſcent of the Piſton 
the Valve of the Bucket will not rife, but compreſs the 
internal dilated Air into a Space gradually leſs, till its 
Spring by that Means comes to be equal to that of the 
external Air, and then as the Pifton deſcends it will ſuf- 
fer no farther Compreſſion, but force up the Valve, and 
make its Eſcape. * 

27. Thus, for Example, by the firſt Stroke in Art. 
23.) the Water roſe 2,834, which ſubſtracted from 
16, leaves 13,166 for the Space into which 12 Feet of 


Air was dilated. Now its Spring being weaker than 


that of the external Air, upon the Deſcent of the Pi- 
ſton, it will be compreſſed into the former Space of 12 
Feet before it can recover its former Spring ; the Piſton 


will then have deſcended through 1,166 ; and fince 


the Stroke is 4 Feet, and the Air will now be no far- 
ther compreſſed, therefore 4—1,366=2,834 will be 


the Quantity of Air which will make its Eſcape through 


the Valve of the Piſton ; which in this Caſe is equal to 
the Column of Water raiſed. 

28. The Piſton being now again at E, upon its 
Aſcent, it will permit the Column of Air E C=9,166to 
expand itſelf into a Space=16—5,098=10,902 ; and 
upon deſcending it will compreſs the Air again into 
9,166 Feet, before it can eſcape. To do this the Piſton 
muſt deſcend through the Space 1,736; and therefore 
4—1,730=2,204 is the Quantity of Air that will be 
exhauited the 2d Stroke ; and the Column of remaining. 
Air EC will now be 9,166—2,264 =6,902 Feet. And 
in this Manner are the Numbers found for every follow- 


29. Hence 
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H) which riſes through the Glaſs Tube 
E F immerſed in the Water of a Veſſel by 
the 


Hence 'tis eaſy to obſerve, that whenever the 
Space thro' which the Piſton muſt paſs in its Deſcent 
to reduce the internal Air, by Compreſſion, to a Den- 
ſity or Spring equal to the external Air; I ſay, when 
this Space happens to be greater than the Length of the 
Stroke, there can no Water riſe in the Pump ; becauſe 
in that Caſe, the Air will be no farther able to make 
its Eſcape thro' the Valve of the Sucker, by reaſon of 
the greater Preſſure of the external Air upon it, 

30. When this is the Caſe of a Pump, let x be the 
reateſt Height to which the Water can be raiſed in it ; 
when the higheſt Elevation of the Piſton is a, the low- 
eſt b, the Preſſure of the Atmoſphere h, and a—b=p 
the Stroke of the Piſton, as before. Then when the 
Piſton is down, the Space in which the Air is contained 
is -x; and when up, it is expanded into 2 -&; its 


Preſſure is then the — Part of what it was before, 
that is of the Atmoſphere; the Weight of the Water 


being the other Part, is. ; and both together being 


bx „* 

| e 
therefore b h—hx+ a x—>x*= a h—hx; or, a x—x*= 
4 b = hep h. And changing the Signs, x*—a x= 
— ph; and compleating the Square, x*—a x + 
42 4 aa -p ; wherefore x=Ja=4/ jaa—ph; 
therefore x = + \/Z aa—p by, 

31. Hence if the Stroke of the Piſton and its Height 
above the Water be given, we know the greateſt 
Height to which the Water can riſe, and conſequently, 
i ſuch a Pump can be effectual. For Example, let 
a=28, b=25 ; then p=3, and put h=32 ; then x= 
+10+14; that is, the greateſt Height to which the 


equal to the Atmoſphere, we have 


Water can riſe=14—10=4 Feet; for the other Root, 


14+10=24, is impoſlible, becauſe all Heights between 
4 and 24 will be too great. = 


E 3 32. Again, 


33 
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the Preſſure of the Atmoſphere on the 
Surface thereof. The Water of the Bar- 


rel 


32. Again, ſuppoſe a = 24, b = 203 then, p = 4, 
and h = 323 x = 44712, that is x = 12-429 
Feet, the greateſt Height. If a=20, b=16, p=4 ; 
then we ſhall have x = #+4/Ja a — p b + Fa = 
a/ 100—128+ 10=/—28+10. Now the Square 


| Root of a negative Quantity being impoſſible, ſhews the 


Caſe in Quettion has no Place in Nature, or that here 
15 no Space between x, and the loweſt Situation of the 
Piſton. Nor can there ever be any when p h is greater 
than Z a a, the Water riſing to the Piſton in all thoſe 


Caſes. When Ja a=p h, then a Jaap =0; and 
x=Ja; and in this Caſe, P=Lge, or 2. Thus if 
a=16, I a=8, =x, the greateſt Height the Water 


will riſe to, and p=E5< == =2 Feet, the Length 
of the Stroke. 8 | £1 
More, If we make the Fluxion of the Equation © 


x*—ax =—þ b, equal to o, (viz. 2xx—ax=0) it gives 


_ 


2x=a, or x= a, when a Maximum, as before. 


33. From this Theorem we learn this general Rule 
concerning Pumps, That no Pump can raiſe Water, but 
when the Length of the Stroke of .the Piſton exceeds the 
Square of the higheſt Elevation of the Piſton divided by 
128. Thus if that Elevation be 16 Feet, the Square of 
that is 256, which divided by 128, quotes 2 ; therefore 
the leaſt Stroke of the Piſton muſt be greater than 3 
Feet. If the Elevation be 20 Feet, then 20 x 20=400 

400 


and 2223,13, which ſhews the Stroke of the Pi- 


ſton muſt be in that Caſe greater than 313 Feet. If 
the Elevation be 12 Feet, then 12 * 12 144%, and _ | 
=1,12, which is leſs than the leaſt Length of the 
Stroke of the Piſton, And theſe Things, I think, finiſh 


the Theory of Pumps. 
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rel T V. by the Depreſſion of the Piſton R, | | 
is forced through the ſuperior Canal ON, 


34. I ſhall no proceed to the Deſcription of two or 
three moſt uſeful Pumps, but firſt give an Account of 
that Sort of Valves which I find are exceeding Tk 
and ought to be uſed in Pumps and all Kinds of Water 
Engines where Valves are neceſſary, Let AB CD be pl. XIX. 
the Bucket of a Piſton, or any other Part where a Fig. 7. 
Valve is required; in the Middle there is a circular but 
tapering Hole from Top to Bottom, in which is fitted 
the tapering or conical Piece EFG H, with a Piece IK 
to be ſcrew'd in and out of the Bottom Part HI. It is 
to be ſcrew'd out, when the ſaid Solid E G is put into 
its Place or Hole in AC; and afterwards ſcrew'd in, 
when the Whole together appears as in the Figure 
LMNO. The Piece E G now becomes a Valve, or 
capable of permitting the Water to aſcend, and to pre- 


vent its Deſcent. ; f 
35. That the Water puſhing againſt the Bottom of 
moe Valve will raiſe it upwards, is evident from the co- 
nical Form thereof, and its lying in the Hole only by 
its own Weight; the Length of the Key at K being 
ſuficient to permit ſuch a Riſe of the Valve as will 
admit a Space between it and the Hole for the Water 
to. paſs as freely as required: And that the Valve may 
not be thrown quite out of the Hole, the croſs Piece |. 
is added, of a greater Length than the Diameter of the 
loweſt Part of the Valve. ' 5 0 
36. If the Valve E G and its Socket A C be of Braſs, 
and fitted, by grinding them with Emery firſt, and 
Putty afterwards, with a Drill-Bow into each other, 
they will not only be Water-tight, but even Air-tight; 
and that too if but ſlightly touch'd with fine Emery or. 
Putty; for if they are ground to a Poliſh, the Attrac- 
tion or Coheſion will take place, and prevent the Valve 
from riſing ſo freely as it ought to do; yea, ſometimes 
thoſe Surfaces have been found to cohere fo ſtrongly, 
that the Foret of the riſing Water could not overcome 
it; But all this will be prevented, and every Thing ſuc- 
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to enter by the Valve I into the Air- Veſſel 
abcd; and the like being done alternately 


ceed to one's Wiſh, if they are made as above directed, 
55 [ have learn'd by long Experience and trying every 
3 
37. The Common Sucking Puur (as it is call'd) 
is ſo far deſcribed in the Theory, that ſcarce any Thing 
more can be faid to explain it. However, I have 
given the Figure of ſuch a Pump, in which A is the 


 Ciftern, A B the Barrel or Pipe ſtanding in the Water 
EF, the Piſton GD with its Bucket and Valve D, 


F ig. 9. 


and the Valve C open for the Aſcent of the Water 
through it. d 8 | 

38. A Forcing Ppmp of the common Sort is thus 
conſtructed: AB is the Barrel ſtanding in the Water 
of the Well or Mine at B; GC is the Piſton; and C 
a ſolid Piece without any Hole or Valve, becauſe na 
Water is to paſs through it, as in the other. This 
Piece ſhould be well leather'd, to fit the Barrel very 
nicely, that.in its Motion neither Air nor-Water ſhould 
paſs between, At a Diſtance below, a Valve with its 

iaphragm is fixed in the Barrel, as at D. Between 
this and the loweſt Situation of the Piſton C there goes 
off a Pipe at H, in which there is fixed a Diaphragm 
and Valve, as at E. Now the Piſton being drawn up 
from C towards A, attenuates the Air above D, by 
which Means the Water ruſhes into the Space C D; 
then when the Piſton is forced down, as the Water 
cannot repaſs at D, it is forced to aſcend into the Pipe 
at H, and through its Valve E into the Ciſtern F, 
(which may be ſituated at any Diſtance above the 


Pump) from whence the Water will run off by the 


Fig · 10. 


Spout. | 
39. A LirTixs Pump is a 2 Pump of ano- 


ther Form or Structure. A B is a Barrel fixed in a 
Frame I K L M, which alſo is fixed immoveable, with 
the lower Part in the Water to be exhauſted. GE Q 
HO is a Frame with two ftrong Iron Rods, moveable 
through Holes in the upper and lower Parts of the 
pl aire 3 Pump 


* 
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by the other Barrel WX, and its Piſton 8, 
the Air-Veſlel is by this Means continually 
| filling 


Pump IK and LM; in the Bottom of this Frame QH 
is fixed an inverted Piſton B D, with its Bucket and 
Valve upon the Top at D. Upon the Top of the 
Barrel there goes off a Part E R, either fixed to the 
Barrel, or moveable by a Ball and Socket, (as here re- 
preſented at F) but in either Caſe ſo very nice and tight, 
that no Water or Air can poſſibly get into the Barrel, 
which would ſpoil the Effect of the Pump. In this 
Part, at C, is fixed a Valve opening upwards. Now 
when the Piſton- Frame is thruſt down into the Water, 
the Piſton D deſcends, and the Water below will ruſh - 
up through the Valve D, and get above the Piſton; 
where, upon the Frame's being lifted up, the Piſton will 
force the Water through the Valve C up into the Ciſtern 
P, there to run off by the Spout. Note, this Sort of 
Pump is ſet ſo far in the Water, that the Piſton may play 
below the Surface of it. 

40. The MERCURIAL Puur, or that which works 
by Quickſilver, is the next which I ſhall deſcribe. It 
was the Invention of Mr. Fohua Hoſtins, and brought 
to its preſent Perfection by Dr. Deſaguliers, together with 
his Workman Mr. William Vreem. As this is one of 
the moſt curious of modern Inventions, I ſhall be a little 
the more prolix in its Deſcription; which I ſhall give 
from a Model that I have made to explain the Nature 
and Manner of working in this Pump to thoſe who at- 
tend my Lectures in Philoſophy, This Model works 
very well, and 1s here repreſented in its real Magnitude in 
the Figure. | | | 

41. AB is a Ciſtern placed on the Top of a Braſs 
Tube POQR, open at each End PR and OQ. To- 
wards the upper Part of the Tube at F is inſerted (or 
ſolder'd) a curved Pipe FG, opening into the Tube at 
F; and in the End G is cemented a Glaſs Tube GH, 
fixed below in an hollow Box L K, full of Holes for 
the Admiſſion of Water, into which it is immerſed. 
MNS I is an exterior Tube, open at the Top M T, 

aud 
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filling with Water, which greatly com- 


_ . preſſes the Air above the Surface of the 


Water 


and cloſe at the Bottom NS; in which Bottom is 


firmly fixed another hollow Tube V X Y W, cloſe on 


the Top X. This inner Tube may be a ſolid Piece 


of Wood, as in my Model it is. This inner Tube 
or Cylinder of Wood goes up into the Tube QOPR, 
at the ſame Time that this is inveſted by the exterior 
Tube MNS T, as is ſeen in the Figure. In the lower 
Part of the Pipe at H is a Diaphragm, and a Valve I, 


opening upwards for the Aſcent of Water when a Fa- 


cuum is made, At CD in the main Tube, above the 


nſertions of the Pipe, is another Diaphragm and Valve 


E, opening upwards alſo to give Paſſage tor the Water 
in the forcing Part of the Stroke, 
42. The conſtituent Parts of the Pump being thus 
deſcribed, we are next to view the peculiar Manner of 
working by Quickſilver, which for that Purpoſe is pour'd 
into the exterior Tube MS, which, when applied ta 


the Pump in its Place, will be made to riſe in two cy- 


lindric Shells; one about the Tube of the Pump out- 
wardly , the other within, about the innermoſt Tube or 
Plug X Q, as repreſenied in the Figue at a, 6b, and 
c d. At the Bottom there is but one cylindric Shell, 
becauſe the middle Tube does not reach the Bottom, 
leaving the Space VO Q. 

43. From this Account 'tis eaſy to obſerve, that the 
Part COD anſwers to the Barrel of the common 
Pump, F G i to the . the inner Tube XQ to the 
Piſton, and the Quickſilver at Bottom to the Leathers 
of the common Piſton; for it prevents all Communi- 
cation of the external Air and internal Part of the Bar- 
rel, where the Vacuum is to be made. Whence tis 
evident, that upon letting down the outer Tube MS, 
it carries Cown the inner Tube X Q at the ſame Time, 
and makes a larger Space in tie Bartel and Pipe, in 
which the Air will be expanded or become rarer, and 
js Spring thereby weakened. In conſequence of 
this, the Water will riſe through the Valve at I _ 

. ? t 
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Water in the Veſſel, and thereby propor- 
tionally augments its Spring; which at 


length 


the Pipe, and alſo the Mercury will riſe in the inner 
Shell by the Preſſure of the Air on the outer Shell, till 
the Equilibrium be reſtored: And the Height of the 
Water raiſed will be nearly 14 Times as great as that 
of the Mercury. 

44. When the Tube S M. is raiſed again, the Air 
will be compreſſed within the Barrel ; and, its Spring 
increaſing, it will act upon the Water, the Mercury 
of the inner Shell, and the Valve E ; the Water above 
the Valve I it cannot move, becauſe of the Valve being 
{ſhut below; its whole Force is therefore ſpent on the 
Mercury, and Valve E; it will act on the inner Shell 
of Mercury, and drive it down to the Level of that 
in the outer Shell, as at a6, cd; and then the Preſſure 
will be every where equal, viz. on the inner and outer 
Skell, and on the Valve E: as the Tube after this 
continues moving up, the Air will be farther com- 
preſs*'d, and its Springs made greater than that, of the 
outward Air, which therefore it will overcome, and 
ſo thruſt up the Valve E, till ſo much has eſcaped as 
leaves the Remainder of an equal Tengur, or in Egui- 
librio with the Atmoſphere. The two Shells of Mer- 
cury will be upon a Level all the while the Air is going 
through the Valve, becauſe the Preſſure is not greater 
within than without. | 

45. By-repeating the Operation a ſecond Time, the 
Air will be farther rarified, and the Water will again 
riſe in the Pipe; and thus on till the Pipe and Barrel 
be full, as in the common Pump; and hence tis evident 
all thoſe Theorems raiſed in the preceding Articles, 
are equally applicable here as there. This Pump made 
at large for Uſe, ſhould have the following Dimen- 
ſions: The Length of the outer Tube MN = 30 
Inches; of the inner Tube XO = 31 Inches ; tbe 
Diameter of the inner Tube XY or Q O = 6 Inches 


the Thickneſs of the outer Tube = , of an loch, 


. 


rr 


— 
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length is fo far increaſed, as to re- act with 
great Force on the Surface Y Z of the ſub- 
ʒjacent 


of the middle one +5, of an Inch, and of the inner one, 
23, of an Inch, and the Bottom of the Tube Z O to 
come within an Inch of the Bottom N S of the outer 
Tube. | 
46. Theſe Dimenſions afford ſufficient Strength if the 
Tubes or Barrels are made of Copper, or caſt Iron, and 
of ſuch a Diameter, that the Diſtance between each ma 
be Z the Tenth of an Inch; and this ſhould be nicely 
effected by having the Tubes truly turned in a Lathe. 
A tranſverſe Section of a Part of the Circumference 
of thoſe Tubes, their Thickneſſes, and Spaces between, 
you ſee repreſented in the Fig. 2. where AB is the 
outer, C D the middle, and E F the inner Tube. The 
Spaces between are ſo narrow, becauſe otherwiſe too 
great a Quantity of Quickſilver would be neceſſary, and 
et of no Uſe ; becauſe Fluids preſs only according to 
Altitude, and not the Quantity. | 
47. If now every Part be fitted for Work, and Mer- + 
cury poured in to the Height of 24 Inches, as ſhewn 
by a NSd; and the Barrel and Pipe fill'd with Water, 
ſo that the whole Pump be full, and ix Eguilibrio with 
the Atmoſphere; if the outer Tube M be moved 
down through the Space of 14 inches, at the Com- 
mencement of the Motion, the Equilibrium in the Pump 
is deſtroyed by the. greater Space which would enſue 
upon the Deſcent of the inner Tube XQ. and which 
cannot be ſuffered, becauſe of the Preſſure of the Air 
on the Water at H, and on the Mercury in the outer 
Shell at a, d. And becauſe theſe Preſſures of the Air 
outwardly at H apd a are equal, but there is not an 
equal Preſſure inwardly on the Valve I, and the inner 
Shell of Mercury &, c; the Valve being preſs'd with all 
the Water in the Pipe above it, and which is propor- 
tional to the Altitude C g ; and the Surface of the Mer- 
cury of the inner Shell at 6, c, being preſs'd only with 
the Altitude of Water C 6, 'tis plain the Water will 
SIE not 
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jacent Water; which aſcending through 
the ſmall Tube ef to the Stop-Cock eg, is 
there, 


not ruſh in at I till the Preſſure on b, e, becomes equal 
to it, and that will be when the Height of the inner 
Shell at ö is greater than that of the outer Shell at a, 
by near xx Part of the Difference of the Altitudes bg ; 
and then the Preſſure being equal at 6 and I, upon the 
Motion of the Tube X Q downwards, the Water will 
be forced up through the Valve at I, and the Height of 
the Mercury in the inner Shell will always exceed that 
in the outer Shell, in ſuch- Manner, that the Exceſs will 
be about 7; of bg, or the Height of the Point 6 above 
the Water at H. 


48. When the outer Tube is in its loweſt Situation, 


the Mercury in the inner Shell will be nearly at the 
Top XY of the inner one, and in the outer Shell it 
will have but a ſmall Height, as a O, or Qd. And 
when the Tube MS is drawn up again, the inner Tube 
X W will force the Water in the Pump to act upon 


the upper Part of the Valve I, the under Part of the 


Valve E, and the Surface of the Mercury at ö in the 
inner Shell. The Valve I it ſhuts cloſe, the Valve E 
it endeavours to puſh up but cannot, till it has firſt re- 
duced the Mercury in each Shell to a Level, when they, 
balancing each other, produce an Eguilibrium with the 
external Air acting equally on the Surface of the Mer- 
cury in the outer Shell at a, and on the Valve E. At- 
ter this, as the Tube MS continues its Motion up- 
wards, the Mercury will riſe in the outer Shell, the 
Preſſure now on the inmoſt being greateſt. And for 
every 14 Feet the Water is forced above the Surface of 
the inner Shell ö, the Mercury will rife in the outer one, 
one Foot, | 

49. Becauſe the Structure of this Pump makes the 
Theory of its Operation not quite ſo eaſy and obvious 
to thoſe who have not conſidered it very thoroughly, 
(as I have found by frequent Experience in my Lec- 
tures) I have contrived to repreſent it more plainly, by 
a Kind of Syphon or Pump of a very fimple Form, and 


yet 


©H 
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there, upon turning the Cock, ſuffered to 


paſs through a Pipe h, fixed to a Ball and 


Socket, 


= acting on the very fame Principles as this complex 


mp under Confideration. The Syphon is HGFZ 
NS M, where HGF is the Water Pipe, as in the Pump; 
ZN repreſents the inner cylindric Tube, and MS the 
outer one; OF ZQ is the Barrel in which the Piſton 
V X moves (which is a Forcer, or without a Valve) and 
CR a Conduct-Pipe to carry away the Water forced 
through the Valve E. In all this it is eaſy to ſee the 
between this Syphon and the mercurial Pump. 


Anal 
Pl. XX. Its Operation likewiſe is the ſame. 


50. For let Mercury be poured into the Legs MS 


and 4 to- and ZN, it will come to a Level ata, l. Now ſup- 


pofe the other Part of the Syphon full of Water, and 


the Piſton raiſed, tis plain the Water at H cannot open 


the Valve I, till a Column of Mercury be raiſed in the 
Leg ZN above the Surface of that in the outer Leg 
M >, ſufficient to balance the Weight of the Water 
in the Pipe HF, then will the Preſſure of the Air be 
equal upon the Water H, and the Mercury in the Leg 
MS; and as the Motion of the Piſton is continued, 
the Water and Mercury will continue to riſe with equal 
Momenta, and therefore the Mercury will riſe 1 Inch for 
every 14 Inches nearly, till the Piſton ſtops. 

51. When this happens, the Surface of the Mer- 
cury in the Leg ZN will be at c, and that in the Leg 
MS at 4; and now, if the Piſton be puſhed down 
again, it will cauſe the. Water to ſhut the Valve I, and 
to act on the Mercury at c, and on the Valve at E; 


but the Preſſure of the Air at E will not ſuffer the 


Valve to riſe till the Preſſure there be greater within 
than without, which it cannot be till the Surface of 
Mercury in the outer Leg MS be higher than that in 
the inner one; wherefore, before the Valve E can open, 
the Mercury in each Leg muſt come again to the Level 
a, b; after which, the Mercury will riſe in the outer 
Leg M, ſo as to be always in Equilibria with the Wa- 


ter in the Conduct-Tube RC, and the Part Ce of 
| | the. 
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Socket, From the Orifice of which it iſſues 
with a great Velocity, to a very great 
Height 


the inner Leg; ſuppoſing the Mercury now ftands at e 
in that, and at F in the other: And then the ſaid Height 
of the Water will be nearly 14 Times the Height df 
or ce. I think all this is very eaſy to underſtand from 
the common Principles of Hydroſtatics; and if this be 
underſtood, the Nature of the Pump muſt, as being the 
— ſame Machine with a different Diſpoſition of its 
arts. 


52. From this Theory of the mercurial Pump, 'tis 


eaſy to infer, that in conſtructing one, the Part Z FO 
ought to be placed in the Middle of the Height from 
the Water H to be raiſed, to the Ciſtern A B which 
receives and delivers it; or more nicely, the level Sur- 
face a bed of the Mercury when the Pump is full, and 
juſt going to work, ought to be in the middle Point of 
the Line Pg ; the Reaſon is, becauſe in the Deſcent and 
Aſcent of the Tube MS, the Differences between the 
Altitude of the outer and inner Shells ad and c6 are 
equal, and in each Caſe a 14th Part of the Height ot 
the Water below or above it. 
53. Suppoſe the whole Height from the Water to 
the Piſton be P g = 60 Feet; thenaP = ag = 30 
Feet, or 360 Inches; then alſo 14) 360 (26 nearly, that 
is, the Difference of the Altitudes in the mercurial 
Shells will be about 26 Inches: The Place there- 
fore where they ought to be on a Level is at leaſt 13 
Inches below M, or the Quickſilver muſt never be 
poured in to a Height N @ greater than about 15 or 16 
Inches, or 17 at moſt. If the Height Pg be greater 


than 60 Feet, the Tubes M 8, Sc. mult be proportion- 


ably enlarged. 

54. To compute the Quantity of Quickſilver in the 
Shells; let AC B D be the Area of the Top of the 
inner Tube XY, and EH G the Area of the Surface 
of the inmoſt Mercury Shell ſurrounding it; then be- 
cauſe AB = 6 Inches, we have A B* x 0,7854 36 
* 0,7854 = 28,274 = the Atea of the Circle AD BC. 

| Again, 


63 


45 
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Height or Diſtance, in a ſmall continued 
Stream, directed every Way, or to any par- 
8 | ticular 


Again, ſince the Diameter E F is 6, 1, the Area of the 

Circle EH FG will be E F* x o, 7854 = 29,224 ; but 
29,224—28,274 = 0,95 of an Inch, the Area of the 
annular Surface of Mercury; wherefore 26 x 95 = 
24,7 the'cubic Inches of Mercury contained in 26 
Inches Altitude of the inner Shells which as it is leſs 
than the Area of the Plug 28,274, ſhews that before 
the outer Tube MS can deſcend one Inch, the Water 
will begin to riſe to H, near 30 Feet below. 
55. Alſo becauſe the Circumferences of Circles are 
as their Diameters, and the Diameters of theſe Shells 
are as 6,1 to 6,36 (Art. 45.) therefore 6,1 : 6,36 : : 
0,95 : 0,99 or 1 Inch; that is, every Inch of Altitude 
in the exterior Shell is 1 cubic Inch, and therefore when 
the Tube MS (in the forcing Stroke) has deſcended 
near + Inch, the Water will force up the Valve E, the 
Mercury then being about 26 Inches high in the outer 
Shell. | 

$6. If the Water be but 3o Feet below the Ciſtern, 
the Heights of the Mercurial Shells will then be but 
half as great as before, vix. 13 Inches one above the 
other; and then 12,35 cubic Inches of the inner Shell 
will equal 13 Altitude, which therefore will riſe with a 
leſs Deſcent than 4 an Inch of the Tube MS, in the 
inner Shell, and of Aſcent in the outer Shell, There- 
fore if the Stroke or Deſcent of the Tube MS be 15 
Inches, there will be leſs than a 3oth Part of the Stroke 
loſt, or a 3oth Part of the Labour beſtow'd in pumping. 
And if the Mercury Shells were but half as thick as 
here ſuppoſed, the en of the Labour loſt would be 
but ze of the Whole, which is far leſs than in any 

other Pump of this Kind. 
57. Since the Area of the Piſton X W is 28,274 
Inches, therefore every Inch of its Motion raiſes the 


23s Parts of a Gallon, or the 2274 Parts of an 
282 17766 


Hogſhead ; that is, 28,274) 177560 = 628,4 Inches of 
Sits | Motion 
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otion for an Hogſhead. Hence $2 A Strokes, each 


Weight be not greater than 10 Feet to which the Water 
is raiſed, may be done by an able Man in ene Minute, 
working ſo as to be able to hold it all Day; as has been 
found by Experience. And therefore this is to be looked 
upon as the greateſt Effect which Perſons can expect from 
any Hydraulic Engine, to raiſe Water of any Kind what- 
ſoever, unleſs he can invent Something more complete 
and perfect in this Kind, than the Pump we have now 
been deſcribing. : 

58. Another excellent Pump, of the lifting Sort, is the 
Invention of Meſſrs. Geſſet and De la Denille, and ſet 
up in the King of France's Garden at Paris. This 
Pump has this Peculiarity, that its Piſton works without 
Friction. The Form and Structure thereof is as fol- 
lows: ABCDEFGHIEL is a Sort of Box in- 
cloſing the Piſton. This Box conſiſts of two Parts, 
the upper AB CIK L, and the under one DEF G, 
which ſhut upon each other. The Piſton within is a ö, 
and is a circular Piece of Wood, about the Circumfe- 
rence of which is nail'd a Piece of well- ſeaſon'd Lea- 
ther, of a circular Form, and ſo wide, that when the 
Piſton is placed at the Bottom of the Box, the Leather 
may lie over the Sides thereof at D H all around; the 
Piſton and Leather thus placed on the upper Part, is 
forced down upon the Leather, and then both Parts 
ſcrew'd very faſt together; the Manner of which is 
very eaſy to apprehend from the Figure, where :g fdh & 


of the Box, . 


59. Upon the upper Part of the Piſton is fixed a cir- 
cular (or any figured) Piece of Iron or Wood, denoted 
by def, in the Top of which, at e, is fixed the Rod 
of the Piſton QC, by which the Piſton is drawn up 
towards the upper Part of the Cavity In, and from 
thence forced down again in working the Pump. Now 
as the Diameter of the Piſton is leſs than that of the 
Cavity, it is plain that in its Motion up and down, no 
Friction can happen, as there are no Parts for it to rub 
againſt, which is occaſioned by the Contrivance of ſuſ- 
pending it on the Leather, | 


Vor, II. 8 F 60. In 


12 Inches, will raiſe one Hogſhead. And this, if the 


is the Leather going from the Piſton through the Jointure * 
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60. In the Bottom Part is fixed a Pipe F O to bring 
up the Water from the Mine or Well at O, which it 


delivers into the Box by a Valve at c. In the Middle 
of the Piſton is likewiſe another Valve m opening up- 
wards. ALMN is a Tube or cylindric Pipe, in which 
the Water is raiſed to a Ciſtern to run off. *'Tis eaſy to 
obſerve, that as the Piſton is drawn up, the Water will 
run in beneath, through the Valve c, to prevent a Va- 
cuum; and alſo, that when the Piſton is forced down, 
the Water in the lower Parts muſt be forced up through 
its Valve, and when the Piſton is rais'd again, the 
Water above it will be forced up the Pipe AM to the 
Ciſtern. | 

61. Another Thing peculiar to this Pump is, the 
Shortneſs of the Stroke of the Piſton, which is com- 
penſated by the Largeneſs of its Area, and the greater 
Number of Strokes that may be made in the fame 
Time. The only Objection to this Pump is, that it is 
always charged with the Weight of ſo much Water as 


is equal to a Column of Water, whoſe Baſe is equal to 
the Area of the Piſton, and the Height equal to that 


of the Reſervoir above it, as is evident from what we 
have ſaid in explaining the Hydroſtatic Paradox. So 
that the Tube ALMN has no Advantage in being 
ſmall, unleſs any particular Circumſtance or Conveni- 
ency require it. 

62. ARCHIMEDES'S SCREW deſerves a Conſideration, 
not only for its Antiquity, but its Uſefulneſs in raiſing 
Water. It conſiſts of a long Cylinder, with an hollow 
Pipe, Tube, or Groove coil'd about it, as repreſented in 


- the Figure ; where the a ng is AB, and the Tube 


CD open at each End, It is placed in an oblique Po- 
fition to the Horizon with the lower End in the Water 
to be pump'd away, the other End being ſupported on 
the lower Part of the Winch I K, by which the Screw 
and Cylinder is turned round, 

63. As ſoon as the Screw is immerſed in the Water, 


it immediately riſes therein by the Orifice C, to the 


Level of the Surface of the Water EF, and if the 
Point of the Helix or Spiral, which in the Beginning of 
the Motion is coincident with the Surface of the Water, 
happens not to be on the lower Side of the Cylinder, 
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the Water will upon the Motion of the Screw move on 
in the Helix, till it comes to the Point which is on the 
under Side, and coincident with the watery Surface: 
When it is arrived to that Point, which ſuppoſe at O, it 
Cannot afterwards poſſeſs any other Part of the Spiral, 
than that which is upon the loweſt Part of the Cylin- 
der ; for it cannot move from O towards H or G, 
becauſe . they are ſituated higher above the Horizon; 
and ſince this will ever be the Caſe, after the Surface 
of the Water in the Helix has attained the Point O, 
it is plain it muſt always be on the under Side of the 
Cylinder. - ; 

64. But ſince the Cylinder is in Motion, evety Part 
of the ſpiral Screw from O to D, will by Degrees ſuc- 
ceed to the ſaid under Part of the Cylinder; the Water 
therefore in the Helix muſt ſucceed to every Part there- 
of, from O to D, as it comes on the lower Side; that 
is, it muſt aſcend on the lower Part of the Cylinder 
thro” all the Length of the Pipe, till it comes to the Ori- 
fice D, where it will run out, as having nothing far- 
ther to ſupport it. Hence it appears, how much thoſe 
Gentlemen are miſtaken, who (affecting the Wonder- 
ful) ſay, that the Water aſcends by deſcending ; whereas, 
if they would have made the moſt of the Wonder, the 
might have ſaid truly, that the Water aſcends, becauſe it 
cannot aſcend, 1. e. that it aſcends one Way, becaule it 
cannot aſcend another; but then the Wonder is loſt. 

65. I obſerve farther, with reſpect to Pump-Work, 
that no ſingle Pump, though perfectly tight, will raiſe 
Water by a Piſton playing at a greater Diſtance than 
32 or 33 Feet; and even then the Stroke of the Piſton 


muſt be more than 8 Feet (for ſince 1 =p =. Feet, 


then a = 32 = h. See Art. zo, 31. 33.) I ſay, no Pump 
will raiſe Water to a greater Height than 32 Feet by a 


ſingle Piſton only; nor can this be remedied by ſeveral 


Valves in the Pipe below the Piſton, as ſome Gentlemen 
have pretended. | 
66. For let AB be the Barrel of a Pump, G F the pl. XxI 
Piſton, B E a Pipe going from the Barrel to the Water Ei : 
at E, 60 Feet below it; and let B, C, D, E, be four 8.3 
Val ves pl aced in the Pipe at 20 Feet Diſtance from each 
| TA other. 
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lower End in the Water W, and thus continued in the 
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other. Now when the Piſton is drawn up from B to F, 

a Vacuum will be made between, but the Valve B will 
not riſe by the Water below it; for the Water in the 
Part B C cannot riſe itſelf, much leſs can that in the 
Part C D below it, as being preſs'd with the Weight of 


the Column above, and its own Weight downwards, 


therefore no Part of the watery Column B F can move 
of itſelf, or by itſelf. Now no Power can be applied 
any where but at E to move the whole Column; nor 
can the Whole be moved without raiſing all the Valves 
at once; therefore the Power able to raiſe the Valve at 
E, and conſequently the Valve at B, muſt be able to 
overcome the Preſſure of a Column of Water 60 Feet 
high: But the Air can ſuſtain a Column only of 33 
Feet high; therefore the Air cannot raiſe the Valve E, 
nor any of the reſt; therefore the Water cannot riſe in 
the Barrel AB of a ſingle Pump. 

67. However, we may raiſe Water by a compound 
Pump, fuch as is repreſented in the Figure, where A 
is the Rod of the Piſton, which at B is divided into 
two, one of which goes to the Barrel DE, and draws 
up the Water from the Ciſtern EF; the other Part 
B C goes down to the ſaid Ciſtern, where it is divided 
at C into two other Parts : One going to the Pump FG, 
ſupplies the Water to the Ciſtern EF; the other Part 
CH goes to another Pump I K below, and draws up 
the Water from K to the Ciſtern HI. Now theſe 
Pumps all working at once, will draw Water from any 
Depth, provided each Pump does not exceed 32 Feet in 
Height. 

68, I ſhall conclude this Subject with an Account of 
one other Method of raiſing Water, by the natural 
Agency of Heat and Cald only. It is as follows: A B 
CD 1s a pretty large Veſſel filled with Water to the 
Height E F, the Space above being poſſeſs'd of Air. 
On the upper Part of the Veſſel is a tall Tube inſerted. 
G H, and deſcends below the Surface of Water to K. 
On the nether Part is anether Tube or Pipe I'W, In 
each Tube is a Valve opening upwards, as at I and G. 
Ihe Body of this Inſtrument being nicely cloſed every 
where, ſo that no Air can eſcape, and placed with the 
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ticular Place, by Means of the Ball and 
Socket (LXXIX.) 


THERE 


hot Sun of a Summer's Day, the Air will be rarified 


by the Heat of the Sun in the upper Part, and will 


compreſs the ſubjacent Water, and force it up through 


the Valve G into the Tube G H, and by the Cold of 
the following Night it will be condenſed again, and 
then the Pretſure of the Atmoſphere will force the Wa- 
ter at W up the Pipe WI, to repleniſh the Veſſel each 
Day. And in this Manner may Water be raiſed in a 
conſiderable Quantity in the Summer Time, or in very 
hot Climes, | | 

69. By ſuch a Contrivance as this, ſeveral curious 
Effects may be produced. Thus if a cylindric Cover 
be annexed to the top Part of ſuch a Veſſel (diveſted 
of its Tubes) it may be raiſed to collect the Sun- Beams 
at Noon on the Top of the Veſſel, which will fa 
greatly rarify the Air within, as to make it produce 2 
conſiderable Stream of Water through a ſmall Adjutage 
in the Side thereof; which Stream may fall on a Wheel 
to play an Organ at Dinner, &c. Thus alſo, an 
Image may be made to weep in the Sun-Beams, or at 
2 Approggh of Fire ; with other Devices of the like 

ind, 


its Contrivance to produce a continual Stream, which 
1s done by Compreſſion, and Elaſticity of Air in the 
Barrel, called the Air Veſſel abcd. For the Air, be- 
ing an elaſtic Fluid, will be capable of Compreſſion in 
{ny Degrees by the Water forced in through the Valves 
at I, K; and ſince the Force of the Air's Spring will 
always be inverſely as the Space which it poſſeſſes, 
(as will be ſhewn) it follows, that when the Air Veſ- 
fel is half full with Water, the Air will be compreſſed 
into half the Space it poſſeſs'd at firſt, and therefore its 
Spring will be twice as great as at firſt, 

2. But this Spring at firſt was equal to the Preſſure 
pt the Atmoſphere ; for if it was not, it could not 
ave ſuſtain'd or reſiſted the Preſſure of the Atmoſphere 


T1 which 


(LXXIVX.) 1. The greateſt Artifice of this Engine is Pl. XXII. 


F 1g, 1. 
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THERE is another Sort of Engine for 
raiſing Water, which works by Fire, in 
the 


which ſtood over it, and conſequently could not have 
flPd the Veſſel before the Water was driven in; which 
yet we find it did, and maintain'd an Equilibrium with 
the common Air. The Veſſel being then half fill'd 
with Water, or the Air compreſſed into half the firſt 
Space, its Spring will be in this Caſe equal to twice the 
Preſſure of the Atmoſphere ; and therefore when the 
Stop-Cock at p is turned, the Air within prefling on 
the ſubjacent Water with twice the Force it meets with 
from the external Air in the' Pipe e f, will cauſe the 


Water to ſpout out of the Engine to the Height of 32 


or 33 Feet, if the Friction is not too great. 

3. That it muſt ſpout to that Height is evident from 
hence, that only one-half the Force of the internal Air 
is ſpent in overcoming the Reſiſtance of the exter- 
nal Air; and this being deſtroy'd, the remaining half 
of the Force will be exerted in. projecting the Water, 
which now muſt be conſider'd as ſpouting in Vacus (the 
Reſiſtance of the external Air being taken away). But 
in Vacuo Water will riſe to the Height of 32 or 33 
Feet (as will be ſhewn hereafter) by the Preſſure of the 
common Air ; therefore ſince the remaining half Force 
of the internal Air is equal to the Preſſure of the com- 
mon Air, it muſt cauſe the Spout to riſe to the Height 
of 32 or 33 Feet; and becauſe the Water keeps enter- 
ing the Veſlel as faſt as it ſpouts out, it keeps the Air 
under the fame Degree of Compreſſion, which there- 
fore muſt conſtantly act with the ſame Tenor on the 
Water, and produce a continual Stream to the fame 
Height. | 

4. When the Air-Veſſel is; full of Water, the Space 
which the Air takes up is] Part, whence its Spring will 
be 3 Times as great as that of the common Air, there- 
fore it will now projet the Water with twice the 
Force of the Atmoſphere, and therefore to the Height 
of 64 or 66 Feet. When the Air-Veſſel is 4 full of 
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the following Manner. AB C is a Copper 


1 DRA 


Veſſel, partly fill'd with Water to D E 


which 


Water, the Air will be compreſſed into 4 Part, and fo 
will protrude the Water with a Force equal to 3 At- 
moſpheres, and therefore to the Height of 96 or gg 
And when the. Veſlet is + full of Water, the Air 
will take up + Part, and will have its Spring 5 Times 
as ſtrong as the firſt, and will therefore force the Water 


132 Feet high. 


is eaſy to obſerve the Law by which the 
Spring of the Air will act- on the Surface of the Water 
below it, viz. according te the Numbers in the Table 


Height of Of the Air Proportion of Height of 


the Mater. compreſi d. the Air's Spring. 
12 


1— 1 


the Spout. 
33 Feet 
bs 1 


999 
132 
165 
198 
231 
264 


397 


And thus for any greater Degree of Compreſſion. | 

6. As the Air-Veſſel is the Cauſe of the continual 
Stream, we may naturally infer, that if ſuch an Air- 
Veſſel were adapted to the Common Houſe Pump, it 
would then become a Fire-Engine, or very uſeful for 
extinguiſhing Fires that may happen in or near the 
Houſe. Now this may be effected in a Manner either 
the ſame with, or analogous to, that which follows. 
ABCD is the Barrel of the Pump, PH the Rod and 
Piſton, CW the Pipe going down to the Water of 
the Well at W. Towards the lower Part of the Bar- 


rd is a ſhort Tube, by which 
bed to, and Grant 


tes with, 


Kir-Veſſel F E is 
e Barrel of the 
Pump. a 


* * „ * * o 


Fig. 2. 


pl. XXI. 
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' which being ſet over a Fire, and made to 


boil, will fall the upper Part DBE with a 
yaſtly elaſtic Vapour, the ſufficient Strength 


whereof is known by its forcing open a 


Valve at e: This heated elaſtic Steam 


is, by turning a Cock at F, let into the 


Top. | After chis, that the Piſton may by 


* 


a4; 


Barrel abc d, where by its elaſtic Force it 
raiſes the Piſton G, which drives the Air 
above it through a proper Clack at the 


its 


Pump. A. MN is a Collar of Leathers ſo fixed on 
the Top of the Barrel; and adapted to the Rod, that it 
may move freely.ip the Leathers, without permitting the 
Air to paſs in et out between. The Nozzle or Spout 
D has a Stop-Cock S to ſhut off the Water, or let it 
paſs out as. required. is a Piece ſcrew'd on to di- 
”_ the Stream by a pliant Leathern Pipe at the 
nd. * 5 
7. Now 'tis plain, when the Piſton is raiſed from the 
Bottom of the Pump Barrel, the Water above it will 
be forced into the Air Veſſel, and there compreſs the 
Air (the Stop-Cock being fhut) ; it will alſo compreſs 
the Air on the Top of the Barrel, for the Water will 
not be higher than the Spout D at firſt, when the Stop- 
Cock is ſhut : But afterwards, as the Air is confin'd, 
it will be compreſs d at Top, and the Water will riſe 


: 


8. This compreſs'd Air, in each Place, will act upon 


the Water by its Spring, and, upon turning the Stop- 
Cock, will force it out in a continual Stream, through a 
Pipe at Q, and that with a greater or leſſer Degree of 


Force, as-Occaſion requires, that being abſolutely in the 


Power of the Perſon working the Pump, This Inven- 


tion we owe to the late Sir James Creed, 


LXXX. 


0 
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Weight deſcend, a little cold Water, 


from the Fountain f'g h i, is let in at the 


Bottom by turning a Cock at , which, in 
Form of a Jet, condenſes the hot Steam 
in the Barrel into 1 3000 times leſs Space 
than before it took up, which makes 2 
ſufficient Vacuum for the Piſton to deſcend 
in. The Piſton G, and Lever H I, being 
thus put into Motion, do accordingly raiſe 
and depreſs the Piſton K in the Barrel of 
the Forcing-Pump L M on the other Side; 


which, by the Pipe N, draws the Water 


from the Depth W, and forces it to riſe 
and ſpout through the Tube O, continued 
to any Height at Pleaſure. This Engine 
is uſed to draw the Water from Coal- 
Pits and other Mines. Beſides theſe, there 
are various other Water-Engines of a 
more complex Structure; but as they all 
act on the ſame Principles with theſe two 
deſcribed, tis needleſs to ſay any Thing of 
them here (LXXX, LXXXI, LXXXII). 


(LXXX.) 1. The Fixt-Encine is the moſt ad- 
mirable, curious, and compounded Machine that we 
find among all thoſe whoſe Inventions have been owing 
to the Ditoveries of modern Philoſophy, and which 


affords the greateſt Advantages to Mankind. The Fire- 
Engine is 6f two Sorts, which I ſhall here give the 
Theory of, and Figures of each according to the lateſt 
Perfection in which they are made; the Account given 
pbove being only in relation to its fit State and original 

Simplicity: 


Plate 
XXIII. 
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Simplicity : But it is now of a very different Form, 


though acting upon the ſame Principle, as will appear 


from the following hiſtorical Theory thereof. 
2. The Marquis or WoRCESTER, in his Century 


of Inventions, (printed A. D. 1663.) is the firſt. that 1 


know of who propoſed raiſing great Quantities of Wa- 
ter by the Force of Fire'turuing Water into Steam; 
and he mentions ſome Engine of this Kind, which he 
faw played a continual Stream in the Manner of a Foun- 
tain forty Feet high. He alſo ſays, that a Perſon at- 
trending it turned two Cocks; that one Veſſel of Water 
being conſumed, another begins to force and re-fill with 
cold Water; and this alternately and 93 the 
Fire being tended and kept conſtant by the ſame Perſon 
in the Interim between turning the Cocks. 

3. Captain Sa VERY, having read this Account, im- 
mediately attempted to raife Water by Fire, and was 
the firſt who erected an Engine for this Purpoſe, of the 
Form we have ſince had them. To ſecure the Inven- 
tion to himſelf, he bought up all the Marquis's Books 
that he could find, and burnt them; and then gave out 
that he diſcovered the Method by Accident. He made 
many Experiments to bring the Machine to Perfection, 
and erected ſeveral for Gentlemen's Seats, but could not 
ſucceed for Mines, the Depth from which Water was 
to be raiſed from thence being ſo great, that it required 
= Steam too dangerouſly ſtrong to be attempted in his 

ay. f 

4. Thus the Progreſs of the Engine was ſtopped, till 
long afterwards Mr. Newcomen, an A ee and Mr. 
nn Ys a Glazier, (both Diſſenters of the Bapt iſt 
Yenomination at Dartmouth) contrived another Way 
to raiſe Water by Fire, where the Steam to raiſe the 
Water from the greateſt Depths of Mines is not re- 
quired greater than the Preſſure of the Atmoſphere ; 
and this is the preſent Structure of the Engine, and 
which is now of about 60 Years ſtanding 

5. We have already ſhewn ( Arnot, KNM vn, 67.) 
that Water may be drawn from any Depth by a Com- 
5 Pump. duppoſe the Depth = 150 Feet, and the 

iameter of the fump- Barrel at p be 7 2 Inches, then 
the Weight of a e Column of Water 150 Fect 


high, 


1 
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high, and 7 3 Inches Diameter, will be about 3000ʃb. 
If now the Rod of this Pump were hung by a Chain to 
the End ofa Lever h h, as at H, and at the other End 
another Power were applied, as at P, with a ſuperior 


Force, the Pump might be worked, and the Water” 


raiſed by that Power. 

6. Now this Power cannot be human, or the Strength 
of Men; for it will require 100 Men to pull down the 
Beam, each pulling with a Force of 3olb; and 100 
more to relieve theſe when weary ; for the Pump in a 
Mine muſt not ſtand ſtill: But 200 Men would be too 
expenſive, If we allow Horſes, (and one Horſe equal 
to five Men) there muſt be 20 Horſes working at a 
Time, and 20 more to relieve theſe ; which great Num- 
ber of Horſes, though leſs expenſive than the Men, will 
be found too great an Expence for moſt Mines : And 
neither Men nor Horſes would be able to give more than 
15 or 16 Strokes in a Minute. 

7. Some other Power therefore muſt be applied; 
and the Philoſopher readily offers his Service with his 
Air-Pump, and Preſſure of Air. His Propoſal is to fix 
a large Barrel or Cylinder C C, truly bored, about 8 
or nine Feet long and 22 Inches wide, on the "Top of 
his Air-Pump; and in this is a Piſton well-leather'd, 
whoſe Rod L is faſtened to a Chain fixed to the End of 
the Lever at P. Now, ſays he, allowing 1506. of Preſ- 
ſure upon every ſquare Inch, the whole Preſſure of Air 
upon ſuch a Piſton will be 5800 10. which is near twice 
the Force to be overcome. But this muſt be effected 
by exhauſting ſo large a Barrel by the Air-Pump, and 
which he cannot do mare than twice in an Hour; fo 
that he can produce only two Strokes in the Time that 
960 are neceſſary to keep the Water from overflowing 
the Mine, | | 

8. But though the firſt Expedient fails, he makes a 
ſecond Propoſition, and that ſucceeds ; which is as follows. 
B is a large Boiler, whoſe Water by the Fire un- 
der it is converted into elaſtic Steam. The great Cy- 


linder C C is fixed upon it, and communicates with 


it by the Pipe D d; on the lower Orifice of which 
(wittin the Boiler) moves a broad Plate, by Means of 
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the Steam-Cock or Regulator E 10, ſtopping or open» 


ing the Paſſage, to prevent or permit the Steam to 


into the Cylinder, as Occaſion requires. The Diame- 
ter of the Pipe D is about 4 Inches. | 

The Steam in the Boiler ought always to be a 
A ſtronger than the Air, that, when let into the 


Barrel, it may be a little more than a Balance to the 


Preſſure af. the external Air, which keeps down the 
Piſton at the Bottom dn. The Piſton being by this 
Means at Liberty, the Pump-Rod will, by its great 
Weight, deſcend at the oppoſite End to fetch a Stroke: 
For the Weight of 70 or 80 Yards of Iron-Rod amounts 
to about g or 10 Hundred; wherear the Piſton, and 
other Weights at the other End, is not above 4 or 44 
Hundred, The End of the Lever at the Pump there- 
fore will always preponderate the other, and deſcend 
when the Piſton is at Liberty. 

10. The Handle of the Steam-Cock E 10 being 
turned towards u, oper: the Pipe D to let in the Steam; 
and being turned towards O, it ſhuts it off, that no 


more can enter. The Piſton is now raiſed towards the 


Top of the Barrel at C, and the Barrel is full of Steam. 
The Lever O 1 muſt then be lifted up, to turn by its 
Teeth the Injecting-Cock at N, which permits the 
Water brought from the Ciſtern g, by the Pipe g MN, 
to enter the Bottom of the Barrel at u, where it flies up 
in the Form of a Fountain, and ſtriking againſt the 
Bottom of the Piſton, the Drops being driven all over 
the Cylinder will by their Coldneſs condenſe the Steam 
into Water again, and precipitate it to the Battom of 
the Barrel, | | 

11. Mr. Hen. Beighton made an Experiment to de- 
termine the Rarity of the Steam, and found the Con- 
tent of the Barrel of Steam was 113 Gallons z and 


ſince there were 16 Strokes in a Minute, therefore 113 


X 16 = 1808 Gallons of Steam per Minute. He allo 
obſerved, that the Boiler required to be ſupplied with 
Water at the Rate of 5 Pints per Minute; and ſince 282 
cubic Inches make a Gallon, 354 make a Pint, and 5 * 
354 = 176 4 in 5 Pints ; alſo the cubic Inches of Steam 
«re 1808 x 282 = 509856. If then we ſay As 176} : 


599856 


* dd mc a as a 5 
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09856 : : 1: 2893 ; or one cubic Inch of Water is 


expanded into 2893 Inches of Steam : Conſequently 
the Steam in the Barrel is reduced to 25: Part, when 
turned to Water by the Jet of cold Water; and there- 
fore a ſufficient Vacuum is made in the Barrel, for the 
Piſton to deſcend- unbalanced, by the Preflure of the 
Air, | 
12. The Piſton being forced down raiſes che other 


End of the Lever, and conſequently the Piſton of the 


Pump, which brings up and diſcharges the Water at p. 
Now the whole Operation of opening and ſhutting the 
Steam-Regulator and Injection-Cock, will take up but 
little more than 3 Seconds, and will therefore produce 
very well 16 Strokes in a Minute. 

13. That the Ciſtern g may always be ſupplied with 
Water, there is an Arch x fixed near the Arch H at 
the Pump-End, from whence another Pump-Rod 4 with 
its Piſton draws Water from a ſmall Ciſtern near the 
Mouth of the Pit ( ſupplied from the Water raiſed at p) 
and forces it up the Pipe m m m into the Ciſtern g, which 
therefore can never want Water. 

14. That the Leathers of the Piſton C may be al- 
ways ſupple, and ſwelled out ſo as to be always Air- 
tight, a tmall Stream of Water is ſupplied from the 
Injecting-Pipe M by the Arm z. On the Top of the 
Cylinder is a larger Part or Cup L, to hold the Water 
that lies on the Piſton, leſt it ſhould overflow when the 
Piſton is got to its greateſt Height, as at W; at which 
Time if the Cup be too full, the Water will run down 
the Pipe V to the Wafte Wellat Y. 

15. The Water in the Boiler, which waſtes in ge- 
nerating Steam, is ſupplied by a Pipe F about three 
Feet long, going into the Boiler a Foot below the Sur- 
face of the Water. On the Top of this Pipe is a Cup or 
Funnel F, ſupplied by the Pipe W with Water from 
the Top of the Ciſtern, which has the Advantage of 
veing always warm, and fo not apt to check the Boil- 
ing of the Water in the Copper. 

16, That the Boiler may not have the Surface of the 
Water too low, (which would endanger burſting) or 
too high, (which would not leave Room 9 for 

team) 


Tn 


under Water it has its End turned up, with a 
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Steam) there are two-Gage-Pipes at G; one going a 


little below the Surface of the Water when at a pro- 


per Height, and the other ſtanding a little above it. 


When every Thing is right, the Stop-Cock of the ſhorter 
Pipe being -open'd gives only Steam, and that of the 


long one, Water; but if otherwiſe, both Cocks: will 
give Steam when the Surface is too low, and both give 
Water when it is too high; and hence the Cock which 
feeds the Boiler at F may be opened to ſuch a Degree, 

— always to keep the Surface of Water to its due 
leight. 

5 The cold Water, conſtantly injected into the 
Cylinder to condenſe the Steam, is carried off by the 
Eduction-Pipe 4 T V, going from the Bottom of the 
Cylinder to the Waſte Well Y, where going a little 

| Valve Y 
to keep out the Air from preſſing up inte the Pipe, 
but permitting the injected Water coming the other 
Way to be diſcharged ; whereby the Cylinder is kept 
empty. 

18. Leſt the Steam ſhould grow too ſtrong for the 
Boiler, and burſt it, there is a Valve fixed at 6, with a 
perpendicular Wire ſtanding up from the Middle of it, 
to put Weights of Lead upon, by which to examine 
the Strength of the Steam puſhing againſt it from with- 
in. Thus the Steam is known to be as ſtrong as the 
Air, if it will raiſe up ſo much Weight on the Valve 
as is at the Rate of 15ʃ . to an Inch ſquare ; becauſe 
that is the Weight of Air (nearly) on every ſquare 
Inch, as will be thewn in its Place. When the Steam 
becomes ſtronger than what is required, it will lift up 
the Valve, and go out. This Valve is called the Pup- 


pet-Clack. 


19. The Steam has always a variable. Strength, yet 
never ;'s ſtronger or weaker than common Air: For it 
has been found that the Engine will work well, when 
there is the Weight of 116. on every ſquare Inch of 
the Valve 5. This ſhews that the Steam is then „ 
Part ſtronger than the common Air. Now as the 
Height of the Feeding-Pipe from the Funnel F to the 


Surizce of the Water $ s is not above 3 Feet, * 34 
| cet 
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Feet of Water is 3s of the Preſſure of the Air; if 


a 
. the Steam were % Part, ſtronger than Air, it would 
t. puſh the Water out at E; which ſince it does not 
r do, it cannot be ſtronger than Air, even in this Caſe, 
le whete the Regulator being ſhut, it is moſt of all con- 
ll fined. ö N | 
e 20. When the Regulator is open'd, the Steam gives 
(h the Piſton a Puſh, which raiſes it up a little way; then 
e, falling a greater Space, it comes to be of the ſame 
e Strength, and ſo a Balance to the Atmoſphere ; thus 
the Piſton, being at Liberty, riſes to the Top W. 
je The Steam, now expanded into the whole Capacity of 
* the Cylinder, is weaker than the Air, and would not 
1e ſupport the Piſton, were it not for the greater Weight 
le at the other End of the Lever, which keeps it up. The 
Y Steam each Stroke drives the injected Water of the pre- 
e, ceding Stroke out of the Eduction- Pipe d T V, and 
er would itſelf follow, and blow out at the Valve Y, 
pt (which is not loaded) if it were ſtronger than the Air, 
which it never does. If it were exactly equal to the 
he Strength of the Air, it would juſt drive all the Water 
A out at Y, but could not follow itſelf, the Preflure being 
it, on each Side the Valve equal by Suppoſition. If it be 
ne weaker than the Air, it will not force all the Water out 
h- of the Pipe d T V, but the Surface will ſtand ſuppoſe 
he at T, where the Column of Water T Y added to the 
ve Strength of the Steam is equal to the Preſſure of the 
iſe Air. When the Steam is „ weaker than the Air, the 
re Height I Y = 34 Feet. Now ſince the whole per- 
m pendicular Diſtance from d to V is 4 Feet, and the Steam 
up always ſufficient to expe] the Water; it is plain it can 
p- never be more than a Part weaker than the Air, when 
weakeſt. | 
et 21. There is Air in all the Water injected; and tho” 
it that Air cannot be taken out or condenſed with the 
en Steam, yet will it precipitate and fall through the Steam 
of to the Bottom of the Cylinder, as being much heavier. , 
57 For it has been ſhewn, that Steam is to Water, as 1 to 
he 2593 in its Denſity, but the Denſity of Air is to that - 
he of Water, as I to 864 (as will be ſhewn), therefore the 
34 Rarity of Steam is to that of Air, as 2893 to 864 ; the 


ct Air 
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Air will therefore fall through the Steam to the Bot- 
tom, and from thence be driven out through a ſmall 
Pipe opening into the Cup at 4, on which is a Valve. 


Now when the Steam firſt ruſhes into the Cylinder, 
and is a little ftronger than the outward Air, it will 


| force the precipitated Air to open the Valve at 4, and 


make its Eſcape; but the Steam cannot follow, 
becauſe it is weaker than the outward Air, as the 
Piiton gives it room, by aſcending, to expand. This 
Valve (from the Noiſe it makes) is call'd the Suiſting- 
Clack. | 
22. Among the greateſt Improvements of this En- 
gine, we may reckon that Contrivance, by which the 
Engine itſelf is made to open and ſhut the Regulator and 
njection-Cock, and that more nicely than any Perſon 
tending could paſſibly do it. For this Purpoſe there 
is fixed to an Arch Z, at a proper Diſtance from the 
* P, a Chain, from which hangs a perpendicular 
Piece or working Beam QQ, which comes down 
quite to the Floor, and goes through it in a Hole, 
which it very exactly fits. This Piece has a long Slit 
in it, and ſeveral Pin-Holes, and Pins, for the Move- 
ment of ſeveral ſmall Levers deſtined to the ſaid Office 
nf opening and ſhutting the Cocks, after the following 
Janner. 


23. Between two perpendicular Pieces of Wood on 


each Side P, there is a Square Iron Axis A B (in the 


following Fig. where this Part is repreſented by itſelf 
for Diſtinctneſs) which has upon it ſeveral Iron Pieces 
of the Lever Kind. The firſt is the Piece C E D, 
called the Y, from its repreſenting that Letter inverted 
by its two Shanks E and D; on the upper Part is a 
Weight F to be raiſed higher or lower, and fixed as 
Occaſion requires. ILis V is fixed very faſt upon the 


faid Iron Axle A B. 


24. From the Axle hangs a Sort of an Iron Stirrup 
IK LI, by its two Hooks 11, and having on the lower 
Part two Holes K, L, through which paſſes a long Iron 
Pin L E, and key'd in the fame. When this Pin is put 
in, it is alſo pats'd through the two Holes in the Ends 


E., N, of the horizontal Fork or Spanner E (N, join'd 
ä at 
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t its End Q to the Handle of the Regulator V 10. 
rom Qto O are ſeveral Holes, by which the faid 
andle may be fixed to that Part of the End which is 
moſt convenient. | 

25. Upon the Axis A B is fixed at right Angles to 
the Y, an Handle or Lever G 4, which goes on the 
Outſide of the Piece Q Q, and lies between the Pins. 
Another Handle alſo is faſtened upon the ſame Axle, 
viz, H 5, and placed at half a Right Angle to the for- 
mer G 4 ; this paſſes through the Slit of the Piece 
QQ lying on one of its Pins. Hence we fee, that 
when the working Beam goes up, its Pin in the Slit 
its up the Spanner H 5, which turns about the Axle 
> faſt as to throw the Y with its Weight F from C 
o 6, in which Direction it would continue to move, 
after it paſs'd the Perpendicular, were it not prevented 
by a Strap of Leather fixed to it at O E, and made faft 
at the Ends m and n, in ſuch Manner as to allow the 
Y to vibrate backwards and forwards about a Quarter 
ofa Circle, at equal Diſtances on this Side and that 
of the Perpendicular, 

26. As Things are repreſented in the Figure, the 
Regulator is open, its Plate I V being ſhewn on one 
Side the Pipe S which joins the Cylinder and Boiler. 
The Piſton is now up, and alſo the working Beam near 
its greateſt Height ; the Pin in the Slit has fo far raifed 
the Spanner H 5, that the Weight F on the Head of the 
Y is brought ſo far from u, as to be paſt the Perpendi- 
ular and ready to fall over towards m, which when 
it does, it will by its Shank E, with a ſmart Blow, 
ſtrike the Iron Pin K L, and drawing the Fork ON 
orizontally towards the Beam Q, will draw the End 
10 of the Regulator towards 6, and thereby ſhut it, 
* flipping the Plate Y under the Holes of the Throat- 

Ipe 8. 

27. Immediately after the Regulator is ſhut, the Beam 
riſing a little higher, with its Pin S on the Outſide upon 
he lower Part lifts up the End 4 1 of the Handle of 
the Injecting-Cock, and opens it by the turning of the 
two Parts with "Teeth. The Jet immediately mak- 
Ing a Vacuum, the Beam again deſcends, and the Pin r 

Vor. II. G depreſſing 
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depreſſing the Handle + 1 ſhuts the Injection-Cock; and 
the Beam continuing to deſcend, the Pin p bears down 
the Handle G 4, und throwing back the V, its Shank D 


throws forward the Fork N Q, and again opens the 
Regulator to admit freſh Steam. After this every Thing 


returns as before; and thus is the Engine moſt wonder: 


fully contrived to work itſelf. | 

28. After the Engine had been made, as above de- 
ſcribed, for many Years, it received another Improves 
ment of very great Advantage; and that was, inſtead 
of feeding the Boiler with warm Water from the Top 
of the Cylinder (as related Art. 15.) by the Pipe W 
above, and F/ below; they contrived to ſupply it with 
the ſcalding-hot Water which came out of the Educ- 
tion-Pipe 4T Y, which now, inſtead of going to the 
Waſte Well at Y, was turned into the Boller on the 
top Part; and as the Eduction-Pipe before went out at 
the Side of the Cylinder, it was now inſerted in the 
Bottom of the ſame ; and though the Preſſure of the 
Steam in the Boiler be ſomewhat greater in the Cylinder, 
yet the Weight of Water in the Eduction-Pipe being 
added to the Force of Steam in the Cylinder, will carry 
the Water down continually, by overcoming the Re- 
ſiſtance in the Boiler. 

29. To conclude this Theory of the Fire-Engine, I 
ſhall here add a moſt curious and uſeful Table of the 
Calculation of the Power of Fire- Engines for the vari- 
ous Diameters of the Cylinder, and Bore of the Pump, 
that are capable of raiſing Water from 48 to 440 Hog(- 
heads per Hour, at any Depth, from 15 to 100 Yards. 
It was compoſed by Mr. Henry Beighton ; and is founded 
on this Principle, that the Ale Gallon of 282 cubic 
Inches of Water weighs 10 /b. 3 . Auerdupois, and a 


ſuperficial Square Inch is preſſed with the Weight of 


1416. 130%. of Air when of a mean Gravity, But al- 
lowing for ſeveral Frictions, and to give a conſiderable 
Velocity to the Engine, it is found by Experience, that 
no more than 874. of Preſſure muſt be allowed to an 
Inch Square on the Piſton in the Cylinder, that it 
may make about 10 Strokes in a Minute, about 6 Feet 
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30. Theſe Calculations are but for common Prac- 
tice ; for with he Boilers the Piſton will make 20 or 
25 Strokes er inute, and each of them 7 or 8 Feet, 
and then a Pump of 9 Inches Bore will diſcharge more 
than 320 Hogſheads per Hour, and for other Sizes pro- 
portionably. The Uſe of the Table is eaſy ; for ſup- 
poſe it required to draw 150 Hogſheads per Hour, at 
the Depth of go Yards; then in the 7th Column I find 
the neareſt Number 149, and againſt it, in the firſt Co- 
lumn, I find a 7 Inch Bore for the Pump; then under 


the Depth go on the Right-Hand, in the ſame Line, I 


find 27 Inches for the Diameter of the Cylinder fit fog 
the Purpoſe, and ſo for any other, 
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(LXXXI.) The Method of conſtructing a Fire-En- 
gine according to the original Inſtitution of the Marquis 
of Worcęſter and Capt. Savery, wherein the Water was 
to be raiſed ſolely by the Preſſure of elaſtic Vapour or 
Steam, is very uſeful, and cheap in reſpect of the other 
Sort ; and when the Height, to which the Water is to 
be raiſed, does not exceed 100 or 150 Feet, then this En- 
cine 1s applicable with great Advantage, it requiring but 
a (mall Fire (not bigger than what is generally uſed in a 
Parlour Chimney), is of a very {imple and eafy Structure, 
and admirably adapted for playing of Fountains to very 
oreat Heights. 32323 

2. Dr. Deſaguliers has given us the Structure of this 
Engine on a Copper-Plate, with his laſt Improvements, 
and becauſe I think this better than that which Profeſſor 
Muſſchenbroek has exhibited in his #fai de Phyſigue, 
eſpecially for raiſing Water, I ſhall here give the ſaid 
Figure and its Explication. F | 

3. The Boiler BB is a large Copper Body of a glo- Pl. XXV. 
bular Form, which will beſt of all withſtand the very Fig. 1, 
great Force of Steam, that is in this Caſe neceſſary. 
Round the Body of this Boiler the; Fire and Flame are 
conducted, as ſhewn at TT T. It has a Copper Co- 
ver, ſcrew'd on, which contains the Steam-Pipe C D, 
and two Gage-Pipes, N, O, which, by turning their 
Cocks, ſhew the Height of the Surface of the Water 
within, as in the other Engine. 

4. On the ſame Cover at P is a Valve, over which 
lies a Steel-yard with its Weight Qto keep it down, the 
Strength of the Vapour being this Way, moſt exactly 
ſtimated : For being. in the Nature of a Lever, of the 
bird Sort, *tis plain, if the Beam of ie Lever be di- 
ided into 10 equal Parts, and the firſt of them be upon 
he Middle of the Valve, and the Weight Q hangs at 
he 2d, 3d, 4th, &c, Diviſions, that then the Force of 
he Steam which can raiſe up the Valve will be 2, 2, 

, &c. Times as great as the Weight. If the Area of 

e Valve be a Square Inch, and Q = 1544. hanging at 

e 2d Diviſion is raiſed by a Steam pufhing up the 

alve, it will ſhew the Steam will then pygſs with the 

orce of 2 Atmoſpheres, 2 ſo on to 10 7 ; 
b du 
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but great Care muſt then be taken about it, leſt the 


Steam, ſo very ſtrong, burſt the Boiler to Pieces. 


5. The Steam is carried from the Boiler to a Cop- 

per Veſſel A by means of the Pipe CD, and is let into 

the ſame by turning the Handle K of the Steam-Cock 

DI. The Key of this Cock is kept down by the Screw 

L, held up by the Gibbet DL. The Handle turn'd 

from K to 4 admits a Paſſage to the Steam into the Cop- 
Receiver A. 

6. The Receiver A communicates at Bottom with 
the Sucking-Pipe Z H going down to the Water H in 
the Well X; and above with the Forcing-Pipe E E, 
which goes up a little above the Water of the Reſervoir 
R; between theſe two Pipes are two Valves F and G, 
both opening upwards. The Steam being let in upon 
the Water of the Receiver A, forces it up through the 
Valve F, and the Pipe E E to the Reſervoir, and then 
the ſaid Receiver is full of hot Steam, 

7. This Steam in the Receiyer is condenſed by a Jet 
of cold Water coming from the Forcing-Pipe by the 
ſmall Pipe MI, being let in and ſhut off by the Cock 
at M. The Steam being condenſed by this Jet, will 
be reduced within a very ſmall Space, and ſo make a Va- 
cuum,. upon which the Water in the Well will ruſh up 
the Forcing-Pipe to reſtore the Equilibrium, and thus 
again fill the Receiver A; the little Air being com- 
preſs'd within a ſmall Compaſs at the Top above ab. 

8. That there may always be Water in the Force- 
Pipe for the Jet, there is a little Pipe which brings the 
Water to it from the Reſervoir, with the ſmall Stop- 


: Cock Y to ſhut it off upon Occaſion, - The Valves at 


F and G are examined at any Time, by unſcrewing the 

Pin 1 to looſen che Strap 2, and let down the Flanch 

3 which Parts are ſhewn larger in the Figures 
W. | 


| 9: By the peculiar Contrivance of the Cock at DI, 
and its Key, the Water is made to from the 


- Force-Pipe to the Boiler, to ſupply the Waſte in Steam. 


This is plainly ſhewn in the Sections of the Cock and 


Key, where 5. is the Top of the Key; 6 is a Hole on 


XXV. one Side, which goes down to the Bottom, to convey 


Fig. 2. the Steam or Jet of Water alternately to the Receiver; 


7 


and (ſuppoſe the Steam able to lift up 


HyYDRAULICS. - 


7.is a Notch on the other Side to take in the Water 
trom the Force-Pipe, and conduct it to the Boiler B. 
How this. 1s done, 1s eaſy to conceive from a View of 
the two Sections of the Cock and Key in two Poſitions 
within it. 

10. The Boiler may hold about 5 or 6 Hogſheads, 
and the Receiver 1 Hogſhead: It will work 4 or 5 
Hours, without recruiting ; about 4 Strokes per Mi- 


nute will produce upwards of 200 Hogſheads per Hour. 


This Steam makes a Vacuum ſo effectually, as to raiſe 
Water from the Well to the Height of 29 or 30 Feet; 
Ns Steel-yard, 
with its Weight hanging at the 6th Diviſion, it will 
then be able to raiſe a Column of Water about 50 Yards 
high, as being then 6 Times ſtronger than the Preſſure 
of the Air, as is eaſy to underſtand from what has been 
ſaid on this Subject of the Common Water-Engiae 
(See Annotat, LXXX. 5.) the Water being raiſed in a 
ſimilar Manner in both Machines; there by the Preſſure 
of condenſed elaſtic Air; and here by the Preſſure of 
rari fied elaſtic Steam. | 
11. The Elaſticity of the Steam increaſing with its 
Heat, and the Space into which it endeavours to ex- 
pand itſelf being as its Elaſticity or Strength, and ſince 
we know (by what precedes) that Water expanded into 
Vapour, of the ſame Strength of the Air, occupies near 
3000 times the Space as before, it follows, that when 
the dteam has twice that Strength, it will be expanded 
into 6000; if it be 5 times as ſtrong as the Air's Spring, 
it will become expanded into 15000 times that Space 
and ſo on, beyond the Reach of Experiments. From 
which it.appears how near a perfect Vacuum we may 
approach by this Engine, or any other, by means of 
rarified Vapour.  * - 
(LXXXI1.)-Inthe Philoſophical Tranſact ions, N 461. 


there is an Account of an Improvement made in the Plate 
Fire-Engine by Mr. Payne, as follows. He has con- XXVI. 
trived two Iron Pots or Veſſels of a conical Form in- Fig. 8. 


verted, as repreſented by ABEF, on the upper Part of 
which is fixed a round globular Copper Head (of about 
51 Feet Diameter) as LMN. There is then placed 
Qu, the Inſide a {mall Machine H, call'd the Diſperſer, 

G4 Vith 
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with Spouts a, 5, c, d, e, &c. round the Sides fix'd ta 
it, and the Bottom thereof reſts on a Center-Pin O. 
In this Machine is fix'd an upright Tube G, with Holes 
at the Bottom, and a Funnel Pon the Top to receive 
a Spout of Water from a Conduct-Pipe Q by the Stop- 
Sock R. | a 

2. This Veſfel being compleated, two or more of 
them are placed in a reverberatory Arch for conveying 
the intenſe Heat of a ftrong Fire, the Flame whereof 
encompaſſes the Iron Veſſels, and keeps them in a red 
Heat, during the Time of their Uſe; at which Time 
the Cog-Wheel I, being turn'd by proper Machinery, 
whirls the Diſperſer about with great Velocity, and 
cauſes the Water in it (by a centrifugal Force) to fly 
thro' the Spouts againſt the Sides of the red-hot Pots, 
which immediately converts the greateſt Part thereof 
into Vapour or elaſtic Steam, which is conveyed: by a 
common Pipe or Cock to the Barrel of the Engine to 
put the Piſton in Motion; and the waſte Water is con- 
veyed away at Bottom, by means of a Pipe CD, with a 
Valve at 5 to keep out the Air. 

3. By many Experiments made on this Engine, Mr. 
Payne has proved the following Particulars, viz. That 
ſuch an ignified Pot or Veſſel will rarify or expand 50 
Gallons of Water, Wine Meaſure, per Hour. 

4. That a Cubic Inch of Water will make in Prac- 
tice 4000 Inches of Steam; and therefore 50 Gallons 
will produce 46000000 per Hour, or 770000 per Mi- 
nute; hence two ſuch Pots will produce 1540000 cubig 
Inches of elaſtic Steam per Minute. . 
5. That by an Experiment made at a Fire-Engine, 
40 Gallons of Water per Hour, made into elaſtic Steam, 
will effectually give Motion to a 24 Inch Cylinder En · 
ine. | 
b 6. That 1125. of Coals is ſufficient, in this Me- 
thod, to rarify go Gallons of Water per Hour into 
Steam, whereas in the common Fire-Engine, with 
Boilers, *tis uſual to expend three Times as great a 
Yuantity, | 

1 That 95 Gallons of Water expanded into Steam 
will work a 36 Inch Cylinder Engine; from all _ 


# * 
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he concludes, that his new Invention will fave at leaſt 
60 per Cent. in Pit-Coals to work a Fire-Engine. 

8. The Method by which he found how much Steam 
could be produced from a given Quantity of Water was 
this. He procured a Copper Globe A 12 Inches in 
Diameter, with two Braſs Cocks BB oppoſite to each 
other; by one of theſe the Globe was faften'd to a Pipe 
E, which was fix'd to the upper Part of one of the Steam 
Veſlels (as at N), and was fuld with Steam by the Cock 
F; upon the other Cock was fix'd a ſmall Valve D, 
fitted to a Bore of one Inch Diameter; and © is a Handle 
or Bale to ſuſpend it b. 

9. The Whole thus fitted weighed 15 1b. 3 oz. Troy, 
or 1216, q oz. Averdupoisz the Capacity or Content 
was about 925 Cubic Inches. The Globe being fix'd 
to the Steam Veſſel, all the Cocks were turn'd, till the 
Steam by paſſing thro? had ſufficiently heated the Globe; ; 
then being ſtopp'd, the Steam condenſed, and the Air 
jet in. When weigh'd in avery nice Balance, the Weight 
was 15/b, * 2 dtot. fo that the whole Quantity of 
Steam was but 2 Penny Weights, or +; of an Ounce 
Troy. Whence 1 Ounce of Water makes 9250 cubic 
Inches of Steam. 

10. The Globe fill'd with Water weighed 45 B. 7 o. 
After this, it being fill'd with Steam, and one of the 
Cocks put under Water, the Wa er ruſh'd into the 
Globe, and the Cock being again turn'd, and the Globe 
of Water now weighed, the Weight was 44 4. 9 oz. 
which deducted from the former Weight, gave 14 oz. ; 
which ſnew'd that all the Air was nearly excluded, or 
that a Vacuum was approached to in the Ratio of 713 to 
727; or the Part poſſeſſed by Air was but „ Part of 
the Whole. | 

11. The Air being again thus excluded out of the 
Globe by Steam, and both Cocks turn'd, the Globe was 
thus weigh'd, and the Weight was 12 4. 10 oz. then 
one Cock was open'd and the Air let in, upon which 
the Scale deſcended, and Z an Ounce Auerdupois, being 
added to the other Scale, reſtored the Equilibrium, which 
was therefore the Weight of the Air, or 925 cubic Inches 
of Air weigh'd abaut 220 Grains. 

12, But it was found above, that the Globe full of 
Steam weigh'd only 2 Penny Weight Troy, or 40 Grains; 

| whence 


go 
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0 THe abovementioned prodigious Rareſac- 
lion of a {mall Quantity of Water will be 
made very ſenſible by the Haolipile, whoſe 


Nature and Uſe in the Production of a conti- 
nual and moſt powerful Blaſt of Steam, or va- 


porous Wind, 18 a Phenomenon equally curious 
and ſurpriſing, as will appear from the Ex- 
periment (LXXXIII.) 13 
. V. THE 


whence the ſpecific Gravity of elaſtic Steam is to that 
of Air as 40 to 220, or as I to 5 nearly; and fince 
that of Air is to Water as 1 to 860, therefore the ſpecific 
Gravity of Steam is to that of the Water, as 1 to 860 x 


5 = 4300. T&D 
713. Again, ſince , of an Ounce of Water expelled 


near 925 cubic Inches of Air; then one cubic Inch of 


Water (which weighs {$2 of an Ounce Trey) will expel 
about 4630 cubic Inches ; but Mr. Payne takes 4009 
for a Standard in Calculation, IS | 

(LXXXIII.) 1. The Zorrpils is an Inſtrument 
contriv'd for Uſe, as well as Jucundity, It has its 
Name from the Fable of Horus, the God of Wind 
and Tempeſts, who was deſcrib'd as having his Pa- 
lace in the Caves, and locking up the Winds in the 
Hollows of the Mountains. The Word literally inter- 


preted is, the Gates of Afolus, ('Auns aa) becauſe 


of the Similitude of its Effect. For it conſiſts of a 
Copper 8 Body, in which is inſerted a ſmall 
Neck or Pipe, with a very ſmall Orifice, from whence 


(when the Veſſel has Water in it, and heated) a Va- 


ur iſſues with prodigious Violence, Impetuoſity, and 

orce, and blows in the Manner of a terrible tempeſtu- 
ous Wind, A. , 

2. The Body of this Inſtrument conſiſts of two Parts, 
A and B, ſolder'd together with hard Solder, to endure 
a great Heat of Fire. On the upper Part is alſo fol- 
der'd the Pipe C D, whoſe Orifice or Hole at D is 
about the 40th or Soth Part of an Inch in Diameter. 


The Way to fill it with Water is, to ſet it firſt, while 


empty, on the Fire, which will heat it, and drive 7 
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V. Tue laſt Cauſe of the Motion of 
Fluids which I mention'd was that of At- 
traction. Woe have already ſeen how by 
this Means any Fluid will aſcend above 
the common Surface in Capillary Tubes, 
&c. But the moſt notzble and obvious 
Motion of Fluids ariſing from Attraction, 
is that of the Tides : The Waters of the 
immenſe Occan, forgetful, as it were, of 
their natural Quietus, move, and roll in 
ſwelling Tides obſequious to the ſovereign 


Power of the Moon, and weaker Influence 
of. the Sun. | 


To illuſtrate this, let NE SQ repre- Pl. XXII. 
ſent the Earth, cover'd over with Water g- 3 


AB DF; NS the Axis of the Earth, EQ 
the Equator, T R the Tropic of Cancer, 
r the Tropic of Capricorn, M the Moon 

in 


all the Air; then with a Pair of Tongs you take it off the 
Fire, and hold the End of the Pipe D under Water, aud 
the Water will run in to poſſeſs the Space deſerted by the 
Air, by the Preſſure of the Atmoſphere, 

3. For an-Experiment, it necd not be more than half 
full of Water, which will be a conſiderable Time in 
being changed into Vapour, Tue ſtronger the Fire, 
the better will be the Steam, and the more forcibly will 
it fly out, and it will continue this ſurpriſing Blaſt, till 
it is wholly evacuated ; then the Naiſe ceaſes, and a till 
fine Aura follows the Steam, Great Care muſt be 
taken not to have the Hole at D ſtopp'd in putting it in 
the Fire; for if that ſhould happen, the Flip: will 
burſt with a great Exploſion (equal to that of a Cannon), 
and may do very great Miſchief, as I have twice expe- 
rienced, and once it was like to have been fatal ; for 


then, 
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in her Orbit, S the Sun in his. Now ſince 
all Bodies are endued with an attracting 
Virtue, the Moon will attract all the Wa- 
ter in the neareſt Hemiſphere FAB, with 
Degrees of Force which are inverſely as 
the Squares of the Diſtances from all Parts; 
and therefore with the ſtrongeſt Force 
where the Diſtance is leaſt, viz. in the 
Point A directly under her; and this At- 
traction being in this Hemiſphere contrary 
to that of the Earth, the Water in all Parts 
from B and F towards A will have their 
Gravity gradually degreaſing, and be lighteſt 
of all at the Part A ; and conſequently muſt 
there ſtand higher than at the Point F, 
where they are more attracted by the Earth, 


and ſo heavier, as is evident from the Laws 


of Hyaroftatics. 
AGAIN } 


then, when it burſt, the Power was ſo great, as to 
rend aſunder the Body of the Inſtrument, not in the 
2 but in the ſolid Metal, which was at leaſt 8 
Hundredths of an Inch thick. It happily ſtood ſo as to 
fly againſt the inner Part of the Mantel-Piece, which 
beat it both Sides together by the Violence of the Blow; 
which, had it flown into the Room, muſt have been 
4 to any one or more who ſhould have been in its 
ay. 

5.4 To give an Idea of the great Force neceſſary to 
burſt the Folipile in the Manner above mentioned, let 
us proceed to Calculation. It has been found by Expe- 
riment, that a Copper Wire W of a Rhine-Land Inch in 
Diameter was broke aſunder by the Weight of 2994 . 
hung on to it. Now the Rhine- Land Foot is to the 


London Foot, as 139 to 135; the Diameter therefore 
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AGAIN: In theother Hemiſphere F DB, 
the Attraction of the Moon conſpires with 
that of the Earth; but decreaſing as the 
Squares of the Diſtances increaſe, the joint 
Force of Attraction will every where de- 
creaſe from F and B towards D, the Point 
oppoſite to the Moon; where, again, the 
Waters will be lighteſt, and therefore ſtand 
higheſt to preſerve the Equilibrium. Whence 
it appears, that by this Sum and Difference 
of the Moon's and Earth's Attraction, there 
will neceffarily enſue a Protuberance or 
Swelling of the Waters, which we call 
Tides of Flood, in the two Points A and 
D directly under the Moon. Alſo in the 
two Points F and B, as the Waters are 
there moſt attracted, ſo they will be 
heavieſt, and conſequently riſe to the leaſt 
Height from the Earth's Surface, whence 


they 


of the Wire in Engliſh Meaſure was %% of an Inch, 
whence the Area of its tranſverſe Section will be 
z33T+t865z or very neatly. Ir of an Inch ſquare. 

5. The Diameter of the ZEolipile is 4 Inches, its 
Circumference therefore is 12,566; its "Thickneſs 
about 85 or 0,08 of an Inch, whence 12,566 x 0,08 
= 1,00528 = the Area of the rended Circumference of 
the Aolipile. Then fay, by the Rule of Three, If 
1 r OT zd require 299 4 or 300 1b. to break it, What 
will x Square Inch require? The Anſwer is, 3825016. 
for 43; : 300 lb. :: : 38250 lb. So the Force of the 
Steam which burſt the /Eolipile was Thirty-eight Tou- 

ſand and two Hundred and fifty Pounds, or one Thou- 
ſand nine Hundred and Twelve Tons and an Half, 
6. This may ſerve as a notable Inſtance of the ow. 
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they are call'd Tides of Ebb, or the Ebbing 
of the Water. | | 
Ix to the Power of the Moon we add that 
of the Sun, we ſhall have the Tides conſi- 
derably augmented at the Conjunction in 8, 
or Oppoſition in H, that is, at the New and 
Full Moons, which are call'd the Spring Tides ; 
as thoſe which happen when the Sun 1s at 
O or P are call'd Neap Tides, the Waters at 


A and D being then loweſt, becauſe the At- 


traction of the Moon is then counteracted 
by that of the Sun. | 
I is farther to be obſerved, That of the 
fewo Tides of Flood at A and D, that at A is 
greateſt to any Place T in Northern Lati- 
tude, when the Moon is in Northern Signs, 
and above the Horizon; for the Point A is 
then nearer the Zenith of the Place G, 


than the oppoſite Point D is to the ſame 


Place 


dible Force of elaſtic Steam, it being three Times as 
great as the Force of Gunpowder in the largeſt Can- 
non, as calculated in Annotat. XXV. Hence it appears 
of what prodigious Uſe this expanded Vapour would be, 
could we rarify Water into Vapour as ſoon, and with 
the ſame Eaſe, as we can ſet Fire to Powder. This 
Property of Air has already ſupplied us with Air-Guns ; 
and with much greater Effect might we have Steam- 
Guns, and other Inſtruments, if that could be done: 

7. To try this, one need only take a Vial with one 
Drop of Water in it, and ſet it over the Fire, till the 
Drop begins to riſe in Vapour, and drive out the Air, 
then putting the Cork alf into the Mouth of the Vial, 
ſet it on the Fire, and incline it to the farther Side of 


the Room; after ſome little Time the Steam will diſ- 
935 charge 


_ 
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Place at R twelve. Hours afterwards j and 
conſequently, the Height of the Tide S G'is 
greater than that of the oppoſe Tide R g. 
The contrary happens when the Moon is in 
Southern Signs. IL 02:3 3 KN 

THAT there are wo Tides of Flobd, and ts 
of Ebb, ſucceeding each other alternately at 
the Interval of fix Hours, is obvious from 
the Figure. That they happen later each 
Day near an Hour, is owing to their exact 
Correſpondenee:to the Motion of the Moon, 
which daily culminates ſo much later. That 
they happen not when the Moon is in the 
Meridian, but about three Hours after, is 


| owing to the Force of the Moon being then 


greater than when in the Meridian of any 
Place ; as the Heat of the Day 1s greater 
at Three o'Clock than at Twelve; and the 
Heat of the Summer is greater in Auguſt, 


than 


charge the Cork with a conſiderable Exploſion, and 
A it as far as a Grain of Gunpowder would have 
one. 

8. Or thus; let a few Drops of Water be put into a 
Piſtol or Gun-Barrel cloſed on the Breech-End, and a 
leaden Bullet thruſt hatd into the Barrel ; let the End 
of the Barrel then be put over the Fire to heat and ex- 
pand the Water into Steam, which when it begins to 
come out of the Touch-hole, will ſhew the' Air to be 
all excluded; then let the Hole be ſtopp'd with a ſmall 
Plug, and in ſome Time the Vapour will diſcharge the 
Bullet with as much Force as a common Charge of 
Powder, and with the ſame Report and Execution. 

9. And though it may be difficult to contrive any 
Method of making Vapour of a ſufficient elaſtic Force 


in 
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than at the roth of June. Laſtly, that the 


March, and 12th of September, but in Febru- 
ary and October, is becauſe the Sun being 
neareſt the Earth in December, his Influence 


is then ſtrongeſt, and ſo muſt quicken the 
Time of the greateſt Vernal Tides ; and be- 
ing weakeſt in June, the Time of the Au- 
tummal Tides will neceſſarily be retarded. 
Suck are the Phenomena of the Tides, 
according to a general Theory, and are 
found to be verified in thoſe Parts of the 
Earth's Surface which are wholly cover'd 
with Water, as the Theory requires ; I 
mean the vaſt Atlantic and Weſtern Oceans, 
(LXXXIV.) | 


in large Quantities, ſo as by Conduct-Pipes to charge 
large Guns therewith, at a Diſtance from the Steam- 
Veſſel; yet fomething of this Kind may be effected, by 
expanding a ſmall Quantity of Water at the Bottom of 
the Cannon into Vapour, by firſt putting a red-hot Iron 
Bullet down the Bore to the Water, which it ſoon diſſi- 
pates into Vapour, and when confin'd at the Touch- 
hole, and another with which the Cannon is charged, 
it will ſoon become ſtrong enough to drive it with Force 
enough for any propoſed Effect. So that the Steam-Gun, 
or even a Steam-CGannon, is perhaps a Matter not merely 
in poſſe, but may be hoped for in Reality, if all proper 
Expedients be tried, and Experiments made for that Pur- 
ole. | 

(LXXXIV.) 1. The Theory of the Tides is a Point 
of great Curioſity and Importance, and has therefore 
excited ſeveral learned Gentlemen to endeavour an Ex- 
planation thereof, in ſuch Ways, as they think the va- 
rious Phænomena will be beſt and moſt eaſily * 

| 00 


greateſt Spring Tides happen not at the 10th of 
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ſtood. I have conſider'd them all, and can find none 
which I think fo natural and obvious as that which I have + 
here propoſed. Nature herſelf here points out all the 
Phænomena, and that too plainly to want any Aſſiſtance 
from the various Contrivances of Art; which I find by 
frequent Experience is more apt to puzzle than afford 
any Aclairciſſement in this particular Caſe, 
2. The Mathematical Principles of Theory are as Plate 

follow. Let T be the Centre of the Eartn, O the XXVI. 
Moon, and ACBD the Circumference of the Earth, Fig. 1. 
which ſuppoſe all around environ'd with Water, whoſe ; 
outmoſt Surface is repreſented by the dotted Circle, and 

its Diſtance from the Earth's Surface is indefinitely 

ſmall in reſpect of the Earth's Semidiameter. Now tis 

plain were the Moon away, or her Attraction at the 
Earth nothing, the Waters would every where have an 

equal Share of the Earth's attractive Power (ſuppoſing 

the Earth.quieſcent) and ſo would take their Place at an 

equal Diſtance from the Centre, and therefore conform 
themſelves to a ſpherical Figure, agreeable to what was 
ſhewn under the Laws of Hydraſtatics. 

3. But ſince the Earth is not quieſcent, but move- 
able upon its Axis, the Centrifugal Force generated un- 
der the Equator (where it is greateſt) will there diminifh 
the Power of Gravity upon the Waters, and render 
them leſs heavy there than on any other Part, and as 
the Centrifugal Force decreaſes towards each Pole, the 
Weight of the Water will increaſe, and be greateſt un- 
der either Pole. And ſince Fluids, which communi- 
cate with each other, maintain an Equilibrium, and if 
they are of different Weights, they have alſo different 
'Denſities, and conſequently require different Altitudes 
to ſuſtain each other in Eguilibrio; therefore it follows, 
that the Waters under the Equator, which are lighteſt, 
muſt have a greater Altitude (or Diſtance from the 
' Earth's Surface) to be in Equilibrio with the Waters 
under the Pole, which are heavier, and will therefore 
have a leſs Altitude. Hence the Figure of an univerſal 
Ocean will not be ſpherical, but a flatted Spheroid (like 
that of the fluid Earth, and for the ſame Reaſon, in 
Aunotat, XXXIV. ) whoſe longeſt Diameter is that of the 
Equator continued, "eg 
. H. H 4. But 
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4. But as this reſults from the diurnal Rotation of 
the Earth only, which is always uniform, and every 
where conſtantly the ſame, it can cauſe no Alteration, 
in the Depth of the Water, in any particular Place, 
and therefore can have no Share in the Cauſe of the 
Flux and Reflux of the Sea; at leaſt fo little as not to 
deſerve Notice, and cannot be diſcern'd by the Senſes. 
However, what that is will be ſhewn in the Sequel of 
this Note. | 

5. The alternate Riſing and Falling of the Waters 
is therefore owing to ſome other Cauſe or Cauſes than 
what can be found in or upon the Earth ; that is, it 
muſt be owing to ſome of the heavenly Bodies, which 
we ſee at a Diſtance from us. This the Ancients made 
no Doubt of; and aſcribed it to the Influence of the 
Moon, with good Reaſon, as they ſaw fo plain a Con- 
gruity between the Motion of the Waters, and that of 
the Moon. They could not alfo but obſerve, that at 
each New and Full Moon the Tides were greater than 


at other Times, and were therefore aſſured, the Sun 


was likewiſe concern'd in the Cauſe of the Fides. Yea, 


Pliny aſſures us, that they were ſo nice as to obſerve 
the annual Phenomena of the Tide; and knew that the 


Tides were greater in Winter than in Summer. But 


they had no Theory to account for the diurnal, men- 


{trual, and annual Differences of the Tide. This was 
reſerv'd for the Invention of the celebrated Author of 
our Philoſophy, whoſe Footſteps, therefore, we ſhall 
here inſiſt on as near as poſſibly we can, in explicating 
all the particular Phenomena of the Tides. er 
6. Since (as we have ſhewn) all Bodies mutually at- 
tract each other, the Moon at O will attract the Farth 
at T, and its Waters, as well as be attracted by it. 
But ſince the Law of Attraction is to decreaſe, as 
the Squares of the Diſtances increaſe, the Water at 
A, P, C, B, or at A, D, p, B, will be differently 
affected by the attractive Power of the Moon at O; 
the Attraction at A will be greateſt as being neareſt, 
that at B leaſt, and at C or 5 it will be at a Mean, 


and the ſame nearly as at T the Centre of the Earth, 
becauſe of the very great Diſtance IJ O in reſpeRt of 


7. Let 


T C, | 
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7. Let us conſider the Caſe of one aqueous Particle 
at P, and compare it with that of A in the neareſt He- 
miſphere CAD; and of another at p compared with 
that of B in the fartheſt Hemiſphere C B D. Draw the 
Lines OP and Op; in OP continued out let OK re- 
preſent the mean Attraction, or that of the Particle C, 
and let it be made as OL: OK :: OK: OP; 


; 1 1 1 
then will oe OK, E: GN or OK: E 


yy © 


11 OL 1 5 wherefore OK and O will repreſent 


the attractive Forces of the Moon on the Particles 
at C and P, as being inverſely as the Squares of the 
Diſtances. 7 
8. In like Manner, if we take O/: O:: OA: Op?* 
then will O / be the Force with which the Particle p is 
affected by the Moon. Continue out O T, and draw 
L M parallel to P T, and In top T. Then is the 
Force Q L reſolvable into the two Forces L M, and 
MO, and the Force O! into / m, and O. Now ſince 
L M and / m directly confpire with PT, and p T, they 
will expreſs Forces to be ſuperadded to the Attraction of 
the Earth upon the Particles P and p; and therefore un- 
leſs theſe additional Forces were every where the ſame, 
the Waters about the Earth's Surface cannot have an 
equal Power of Gravity towards the Earth's Centre; and 
ſo cannot exiſt in a ſpherical Form. 
9. In order to ſee this, we have (by ſimilar Triangles 
LOM and POT) LM:PT:: LO: PO; whence 
PT xLO I 


LM=- 45 but ſince LO is as 55 (by Art. 7.) 


1 


OY K „ 06 > w 2 „ rn 


ts ak 


we have LM = 5h. 0r ice P is given L MRG. 


and for the ſame Reaſon / m = 505 that is, L M: 


Im :: þO* : PO3; but ſince P O is leſs than pO, LM 
will be much greater than Im, conſequently the Water 
at P and p will be affected with very different Forces, 
and therefore will not tend equally to the Earth's 
Centre T, or be at an equal Diſtance from it. And 
this Difference of Forces will be greateſt of all at the 
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Points A and B, for there theſe perturbating Forces will 
be as AO; and B O? inverſely, which Cubes have the 
greateſt Difference of all others. K 

10. Now this is_ only one Part of the Attraction of 
the Moon which diſturbs the Waters ; the other Part 
M O makes this Perturbation ſtill greater; for if TO 
be the Force with which the Earth's Centre is attracted 
by the Moon O, *tis'plain the Waters can never accede 
directly towards the Moon with the ſame Velocity that 
the Earth does, unleſs when MO and m O are equal to 
T O, that is, at the Points C and D. From M O ſub- 
duct I. O, the Remainder T M will be the F xceſs of 
Force by which the Waters in every Point P of the 
Hemiſphere C A D will be accelerated towards the Moon 
more than the Earth itſelf ; and Im will expreſs the 
Force by which the Earth tends towards the Moon more 
than the Water at any Point p in the remote Hemiſphere 
CBD. | 

11. The Proportion of the Part of the Force MO, 
in reſpect to O P, is thus found; As MO: OT:: LM 

OT x LM | 

P T; wherefore MO = PP— 5 but ſince both 
O T and PT are conſtant, we have MO as LM, i. e. 


MO is as -* . Therefore at A, MO will be as 


TAS 
—_—_ ; and at B, m O will be EY that is, in re- 


ſpect to the Points A and B, we have MO: O:: 
OB: AO3; and ſince theſe Cubes are the greateſt 


of all others, the Waters will be accelerated in A to- 


wards the Moon with the greateſt Difference of Attrac- 
tion, and at B with the leaſt ; conſequently the Water 
will there on this Account alſo recede moſt trom a ſphe- 
rical Figure, 

12. Therefore, ſince both Parts of the Moon's Force 
are proportional to the Cubes of the Diſtance of the 
Luminary inverſely, they will both conſpire to make 
the Waters at A and B recede from the See of the 


Earth T, and put on a ſpheroidical Figure, whoſe long- 
eſt Axis B A goes towards the Moon's Centre O. The 
Force MO = MT + T O; but ſince the Part T O is 


always 
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_— the ſame, the perturbating Part will be only 
T M, which will be as M O- T O, and fo when 
M O=T O, then T M= 9; which happens when P 
is at C or D; and then alſo LM coincides with PT, 
and both with CT; whence ſince in that Caſe the 
Line O K becomes OC = OT, the perturbating Forces 
will in Part vaniſh (viz. T M = o) and the other Part 
LM will make the Waters at C heavier than in any 
other Place ; and fince every Thing happens inverſely 
with regard to the Particle p, it follows, the Waters 
about the Points C and D will be at a leſs Diſtance from 
the Earth's Centre than any where elſe, whence C TD 


will be the ſhorteſt Diameter of the aqueous Spheroid - 


ACBD. 

13. The SunatS is ſhewn to produce the ſame Sort 
of Effects upon the Water about the Earth ; only in 
a leſſer Degree. For tho' the Momentum, or abſolute 
Force of the Sun upon the Waters is much greater than 
than that of the Moon, yet the Parts of the F orce which 
diſturb the Figure of the aqueous Globe, viz. LM and 
Im, and T M, and T mn, will in this Caſe be leſs than 
before; on account. of the much greater Diſtance T S 
than T O. As the perturbating Forces of the Moon in 
the Points A and B are as B O® to A O, thoſe of the 
Sun will be as SB? to 8 A. But the Difference of 
theſe latter Cubes is much leſs than that of the former, 
becauſe of their vaſtly larger Roots 8 B and S A. For 
Example, ſuppoſe O A=1o, O B=11 ; and S A=100, 
and 8 B=101; then OA: OB: : 1005 : 1331: 
100 : 133 nearly, But SA? : SPB? :: 1000000: 
1030301 : : 100: 103 nearly. 

14. Hence we ſee, that both the Luminaries produce 
a Tide in two oppoſite Parts of the Earth's Surface A 
and B, ina Space of a Day proper to each, i. e. in the 
Space of a Lunar and Solar Day, or the Time in which 
the Moon, or the Sun, after leaving the Meridian, 
comes to it again. The Lunar Day (becauſe of the 
Moon's quick Motion conſpiring with that of the Earth) 
is about 50 Minutes longer than the Solar Day 
of 24 Hours. And thoſe Tides will always be moving 
the ſame Way, ſometimes together, ſometimes ſepa- 

H 3 rately, 
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rately, that of the Moon always follbwing after that of 
the Sun. | 

15. In order to compute the Forces of the Sun and 
Moon to raiſe the Waters, we will ſuppoſe (at preſent ) 
that P is the Moon, and T the Earth, then L M will 
be the Addition of the Moon's Gravity to the Earth 
ariſing from the Action of the Sun 8. When P is at 
C, then L M will be at C I, which let us call A. 
7] he Gravity of the Earth towards the Sun will be ex- 
pounded by T 8, which call F, that is, let CT: TS:: 
A: F. Let P be the periodical 1 ime of the Earth about 


the Sun, and p that of the Moon about the Earth; alſo 


let f be the Force of Gravity in the Moon towards the 
. 


Earth 3 then will F : FH. e (by d. XXXIV. 


F A FA 


6.) therefore EF : 5 775 conſequently, 3. 


2s 


= > chat le, 2 — E. whence A: f: : p*: P*; or 


the additional Gravity to the Moon at C, 1s to the Gravity 
of the Moon towards the Earth, as the Square of the 
Moon's Period to the Square of the Earth's Period. Now 
p=29 Days 7 Hours 43/ ; and P = 365 Days 6 Hours 
97 whence þ* ; P* ; : 1000: 178725: : 1: 178 :: 


16. Now the Semidiameter of the Earth being put 
= 1, and G = Power cf Gravity on its Surface; ſince 
the mean Diſtance of the Moon from the Earth is 60 
Semidiameters of the Earth, we ſhall have f:G:: : 


G 
60 :: 1: 3600; therefore 3600 f =G, and f = = 


which being put for 7, in the Proportion above, we have 


G 
A EE 1: 178,725 ; whence 178,725 A = 3506. 


Therefore A: G : : 1: 178,725 x 3600 643400. 

17. What we have hitherto ſaid is upon Suppôſition 
that the Moon revolves about the Centre of the Earth 
at Reſt; but this is not the Caſe ; for both the Earth 
and Moon revolve about one common Centre of Gravity 


(as we have ſhewn An. XXXVI.) and allowing the Mats 


_ of Matter in the Moon to that in the Earth as 1 to 


395788, 
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39,788, we find the true Mean-Diſtance of the Moon 
ſrom the Earth revolving about the common Centre of 
Gravity, to be 60,5 Semidiameters of the Earth; but 
the Force by which it is retain'd in its Orbit at Co Se- 
midiameters, is to the Force retaining it at 604 (re- 
volving in the ſame T ime as before) as 60 to 604 (as 
was ſhewn Annotat. XXXIV. 8.) wherefore 60: 60 :: 


f' — f truly equated. But here f = 2 and 

9 

e 60 f G 

before we had f = 60555 therefore 5055 = 2 
60,5 G 


8 = f; wherefore A: G:: 1: 643400 * 


and ſa 


bo "Y f 28 
zr AGE = „ et nm A = 


18. After the ſame Manner it is ſhewn, if any Body 
P revolve about the Earth at its Surface, it would at 


have an additional Gravity a, which would be wt 


* 
therefore A: a:: 604: 1 Fo - Ss whence x = 6oZ a 


; x 638059,78 = 38602616,7. Now becauſe the 
Waters will be affected juſt in the fame Manner as ſuch 
a Budy revolving at the Earth's Surface, by the Influence 
of the Sun (becauſe both will yield to an impreſs'd 
Force) therefore the Power of the Sun to increaſe the 
Gravity of the Waters at C and D, is to the Power of 
Gravity as 1 t5 38602616, 7. 


19. In order to eſtimate this Force at A and B, we 


muſt find the Value of LM there, by which the Particle 
at A is impell'd towards T; and of T M, by which it 
is impell'd in a contrary Direction towards 8. Then 
will the Difference of theſe two Forces, viz. 'T M—LM, 
be the Force required. In order to this, it muſt be con- 
{idered, that on account of the prodigious Diſtance of 


O in Compariſon of P, the 81. POT will be ex- 


cceding ſmall, and the Lines OL, OM, may be looked 
upon as parallel, and therefore LM =P T, and PL 


= TI M, very nearly. 
20. Then when p coincides with A, and K with T, 
we have LM = AT = PK, and TM =SPL=AT + 
| H 4 KL 
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KL; wherefore TM—LM = KL, which therefore is 


the whole Force by which the Waters at A are drawn 


from the Earth's Centre . In the ſame Manner it is 
ſhewn that Tn = = to the whole perturbating 
Force at B. | 

21. Again, ſince SP is nearly equal to SK, and it is SL 
: SK :: SK*: SP?, and therefore SL- SK: SK:: SK 
— SP? : SP?, that is, KL.: SK:: PKxSK+SP : SP? 
(becauſe the Difference of the Squares of any two Num- 
bers is equal to their Sum multiplied by their Dif- 


ference ; thus a+bXa—b = aa—bb,) Therefore 
ſince SE =SP, we have KL: SP:: PK x 2SP : SP>:: 


2PK : SP; wherefore KL = 2PK, and PL = TM = 


— 


PK. 
a 22. Hence when P coincides with A, we have PK 
=AT=PF=LM, and therefore TM=PK=3LM ; 
whence TM—LM = KL = 2LM = 2AT = 2CT. 
But CT expreſles the additional Gravity at C; there- 
fore KEL=2'T C, is the Force by which the Waters are 
drawn from T towards 8; and ſince T C = a= 


28 G 


1 we have KL = — ; 
38602616,7 380602616,7 19301308, 3 


that is, the Diminution of the Gravity at A is double 
the Increaſe of it at C, and is the — a Part of 


19301308, 3 
the whole Gravity. 
23. Hence the Sum of both the Forces KL + LM 
2 G G * bY 


2 386025176, | 38602616,7 8 '3 8602061 6,7 


— 12867 53850 3 Or the whole Force of the Sun to agi- 


tate the Waters of the Ocean will be the —— —— 

| 12867 538,9 
Part of the Gravity or Force of the Earth's Attraction, 
This is the Force in any given Place to which the Sun 
is vertical, and in his Mean Diſtance from the Earth, 
In other Poſitions of the Sun, the Foxce will vary in 
the Proportion of the verſed Sign of double the Sun's 


Altitude above the Horizon direftly, and the Cube of iti 


Diftance from the Earth inverſely. 
24. It 


2 f 
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24. It has been ſhewn that the centrifugal Force of 
the Parts of the Earth under the Equator is — Part of 


Gravity, (Annotat. XXXIV. 20.) wherefore the cen- 
trifugal Force is to the Sun's Force to agitate the Sea, 
as 12867538,9 to 289, or as 44524, 4 toi. Allo fince 
the Diameter of the Equator is to that of the Poles 
as 230 to 229 (as was there ſhewn), if we ſay, As 229: 
230 :: 4000: 4017,5, the Difference 17,5 Miles, or 
924009 Feet, is the Effect or Elevation at the Equator, 
occaſioned by the centrifugal Force. Say then, As 
445244 : 924000 :: 1: 2407 = 2 Feet + of an Inch = 
24,84 Inches, which therefore is the Height which the 
Sun can elevate the Waters to at A and B above that at 
the Points C and D. 

25. In this Computation, Profeſſsr EuLtrR has 
thought fit to find great Fault with Sir Isaac NRW“ 
rod, and his Principles, calling This Altitude of 25 
Inches an enormous and erroneous Effett, becauſe his own 
Calculation produces but & a Foot, or a little more, 
for the Height to which the Sun can elevate the Sea. 
But ſince Meſſrs. Bernouilli and Mac Laurin have each 
of them ſeparately inſtituted the Calculus, and reſolv'd 
the Problem, with ſuch an exact Agreement with each 
other, and with Sir Jae, there is no Room to doubt 
of the Truth of it; and it appears to depend on as cer- 


tain Principles, and more evident than thoſe which 
Mr. Euler has advanced in Contradiction to Sir Jaa 


Newton. 

26. The Power of the Sun to move the Waters has 
been computed by Means of the periodical Times of the 
Earth and Moon; and after the ſame Manner might be 
computed the Force of the Moon to diiturb the Waters, 
were there any Satellite revolving about the Moon to 
compare its periodical [ime with the Moon's perio- 
dical Time; but as there is none, we muſt have re- 
courſe to other Methods, the ealieſt of which is, to 
collect the Proportion of the Force of the Sun and 
Moon from the Proportion of their Effects on the Wa- 
ters of the Sea; that is, by obſerving the Heights to 
which they riſe when they act together, and when tiey 
act contratily. Thus Stirmius obſerved at the Mouth of 


the 
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the Avon, at the third Stone below Bri/to!, that the 


Water in the Syzygies was about 45 Feet, and in the 
Quadratures about 25 Feet. Alſo at Plymouth, Cap- 
tain Coſpreſs obſerved thoſe Elevations to be as 20 4 to 
11 4, or 41 to 23. At Havre de Grace the Altitudes 
have been obſerved as 17 to 11. The Mean of all 
theſe Proportions is 10 tob. Let S = the Sun's Force, 


and L=the Moon's Force; then will L + S : L—-S 


2: 10:6 :: 5: 33 whence L: 8 :: 4: 1, or the Force 
of the Moon will be about 4 Times greater than that of 
the Sun. 


27. And this would be a Determination ſufficiently |. 


exact, were the Sun and Moon in the Equator, in their 
Mean Diſtances from the Earth ; alſo were the T ides 
to be greateſt and leaſt in the Syzygies and Quadratures, 
and the Diſtance of the Moon the ſame in each ; but 
ſince all thoſe "Things are found otherwiſe in Fact, we 
ſhall have the above-mentioned Proportion varied b 
them, in ſuch Manner, that it will become at laſt 
1,017522 L+0,7986355 S : c, 9830427 x 0,8570327 L 
0, 7986355 8 :: 5: 35 or, putting Letters for the 
Numbers, a = 1, 0175, 6 = , 7986, c = 0,983, d = 
0,857, we have a LVS: cdL—bS:: 5: 3. 925 

28. Hence a LAS = 5, and c4L—S = 3; 


whence 2 _ = 8, which ſubſtituted in the other 
Equation gives cd L—5+ L= 3, or cdL+alL 
8 5—4 L 


=8, whence L = = "44 201:3 then 


| ca+a 
0,7808 = S. Wheretore 8: L:: 0,78c8 : 4, 301 :: 1: 
5,508; but if we take the Mean Proportion of Tides 
as 9 to 5, as Sir Iſaac Newton has done, then S : L:: 
1: 4,4815. Since the Sun elevates the Water 25 
Inches, the Moon will elevate it 25 x 5,508 Inches = 
137,7 = 114 Feet. The Sum of both Forces ſhould 
elevate the Water 134 Feet at the New and Full Moon, 
and the Difference of the Forces ſhould raiſe the Water 
9 Feet, as in the Quarters; and theſe Heights anſwer 
pretty well to Obſervations : For in the Atlantic and 
Athiopic Oceans the Tides are found from 6 to 15 Feet 
Altitude, and generally higher in the great Pacific Ocean, 
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In ſhort, that the Phænomena of the Tides, in this 
Reſpect, may anſwer to the Theory, the whole Globe 
ſhould be covered with very deep Water ; at leaſt the 
Ocean ſhould not be leſs than go Degrees wide, or one 
Quarter of the Globe. | ' 
29. 1 he Sum of all that has been ſaid is this: If plate 
NOPQbe the Surface of the Earth, I its Centre, XXVI. 
IFK GLH C Ea Circle repreſenting the ſpherical Fig. 2. 
Surface of the Waters covering the Earth, and affected 
only with the Gravity of the Ezrth upon placing an at- 
tracking Body as S at the Diſtance S T, the Waters 
will no longer continue their ſpherical Figure, but be 
immediately drawn into a ſpheroidical Figure A C B D, 
in ſuch a Manner, as to be depreſs'd at. C and D to M 
and K, and elevated from L and l to A and B; and the 
Elevation A L or BI is double the Depreſſion C M or 
D K. That if S be the Sun, then A P=OE=AL 
+K D=25 Inches; or 114 Feet, if 8 be the Moon. 
That at the Points E, F, G, H (which are call'd the 
Odants), the Water is neither elevated nor depreſs d. 
That if any other Body be placed at O (as the Moon) 
in the ſame Right-line T S; then by the joint Influ- 
ence of both 8 and O, the Elevation at A and B will 
be increaſed, and the Depreſſion at C and D likewiſe. 
Laſtly, if 8 be in the Situation &, or vertical to the 
Point D, *tis plain its Action to raiſe the Water D will 
be directly contrary to that of the Moon in depreſſing it 
there; whercfore the Depreſſion will not be fo great as 
before: For the fame Reaſon the Elevation at A and B 
will be diminiſhed, being now only as the Difference 
of the two Forces, whereas before they were as the 
dum. 5 
20. We ſhall now conſider the Phenomena of the 
Tides which remain. And firſt it is evident, that if 
Þ N be the Axis of the Earth, and QO the Diameter 
of the Equator, then the Moon fituated at O, over one 
of the Poles, would accumulate the Water over each 
Pole, and the Spheroid would be ſo poſited as to have 
its longeſt Axis A B coinciding with the Axis of the 
Earth PN. In this Poſition of the Spheroid 'tis plain, 
there could be no ſuch Thing as a Tide in any Fart of a 
the Ocean over all the Earth, for every Section of the 
, Spheroid, 


P ˙ A ˖˙ FO B.A OW org en 


108 


Plate 
XXVI. 


Fig. 3. 


Fig. 4. 


after. For the ſame Reaſon, we obſerve, the greateſt 
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Spheroid, paralle] to the Equator, would be a Circle 
conſequently in any Parallel of Latitude, the Water 
would be at an equal Diſtance from the Earth's Sur- 
face every Moment of the diurnal Revolution, or na- 
tural Day. | 

31. Suppofe the Moon were removed from the Di. 
rection of the Earth's Axis, and poſited at 8, then will 
the Axis of the aqueous Spheroid A B be turned to- 
wards 8, and make an Angle with the Earth's Axis, as 
ATPorBT N. Then we obſerve, that ſince C, D, 
are the Places of loweſt Water, that Parallel I K which 
paſſeth through the Point I on one Side the Equator, 
and L M which paſſes through M on the other, will 
divide the Earth into three Zones, in two of which, 
viz, EN K and LP M, there will be but one Tide each 


2 of the ſame Kind. For Inſtance, in the Parallel 
E F, 


a Perſon at F will have high Water, and at E 
low Water 12 Hours after. Again, in all the Zone 
IK ML, there will be two Tides of the fame Kind 
each Day, as is evident from the Figure. "Theſe Limits, 
or the Arch Q or O M, is che Complement of the 
Moon's Declination from the Equator. 

32. If the Moon at 8 be over the Equator, the 
longer Axis of the Spheroid A B will now coincide 
with the Plane of the Equator Q O, and the ſhorter 
Axis C D with the Axis of the Earth NP. Here tis 
obvious, that in this Situation of the Spheroid, the 
Waters in the Parts A, B, with reſpect to thoſe at C D, 
will give the greateſt Difference at high and low Water 

offible to all Parts of the Earth; and that there is no 
lace but thoſe two at the Poles N, P, but what has 


two Tides of Flood, and two of Ebb every 24 Hours, 
And this Difference of the Flux and Reflux 'will de- 


creaſe from the Equator to the Poles. 

33. Ihave alrcady obſerved, that the greateſt Eleva- 
tion of the Waters 1s not when the Luminary is in the 
Meridian, but about three Hours after, becauſe the 
Motion communicated to the Waters during the Ar- 
rival to the Meridian is not immediately deſtroyed, but 
remains ſome Time, and receives a farther Augmenta- 
tion from that which is impreſs'd for about three Hours 
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and leaſt Tides happen not on the Day of the Syzygy, 
or Quadrature, but on the 3d or 4th after; the Sum or 
Difference of the Forces of the Luminaries not being 
till then at a Maximum. 

34. Let SF E G be the Orbit of the Moon about the 
Earth QN OP, which as it is not circular but elliptical, 
the Centre of the Earth T will not be always at an 
equal Diſtance from the Moon ; but the Moon will be 
ſometimes neareſt the Earth, as when at S, and ſome- 
times fartheſt off, as at E. The Point S is called the 
Perigæun, or Perigee ; and the Point E the Apogeum, 
or Apogee. The Power of the Moon in her Perigee is 
to that in the Apogee nearly as IE to T 83; and 
conſequently the greateſt Tides will be on the Day of 
the Perigee, or rather a few Days after, for the Reaſons 
above-mention'd, 5 

35. This is very nearly agreeable to Experience. 
For in the Year 1713, February 26, the Elevation of 
the Water at Bri/tol was 22 Feet 5 Inches; and on 
March 13, it was 18 Feet 2 Inches. The Moon, in the 
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firſt Caſe, was in her Perigee, and diſtant from the 


Earth 953 Parts, of which the Mean-Diſtance contains 
1000. In the latter Caſe ſhe was in her Apogee, and 
her Diſtance was 1032. Now 1032* : 953 : 224 
Feet: 17 Feet 8 Inches, which is but 6 Inches leſs than 
the Altitude obſerved. All other Circumſtances were 
equal in both Caſes. | 

36. In like Manner, ſince the Earth moves about 
the Sun in an Orbit in ſome ſmall Degree elliptical, 
the Sun will be at one Time neareſt to the Earth (and 
that is call'd the Perihelion) and at another Time fartheſt 
diſtant from it (which is then call'd the Apbelion). 
Now when the Earth is in her Perihelion (December), 
or a few Days after, the Force of the Sun to move the 
Waters, will be greater than when in her Aphelion (in 
June). Thus it was obſerved in the Year 1712, De- 
cember 28, the Water aſcended 19 Feet 2 Inches, and 
on June 19 (of the preceding Year) it aſcended but to 
the Height of 18 Feet 4 Inches; the Diſtance of the 


Moon, Sc. being the ſame in each Caſe, which will 
be found nearly to anſwer to the Ratio of the Cubes of 
8 | the 
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the Diſtances inverſely, or of the apparent Diameter of 
the Sun directly. 4 | 

37. For ſince the apparent Diameter A B of any 
Body decreaſes with the Angle ACB under which it is 
ſeen, ſo that at C and D it will be as the Angles ACB 
and ADB; and theſe Angles decreaſe as their Radii 
(or the Diſtances CF, Dr) increaſe ; it follows, that 
the apparent Diameter A B is every. where inverſely as 


the Diſtance, that is, at C or D we have A B a8 f 
1 


or ——. Whence if the apparent Diameter of the Sun 


DF 
= D, and TS the Diſtance of the Sun, then ſince 


be 
D = =>, and the Sun's Force (F) to move the Sea as 


1˙8 

1 1 
ms Ds; 
78 (as ſhewn in Art. 9.) therefore F = ＋F. Ds; 
that is, the Force of the Luminary to move the Sea is di- 
rely as the Cube of the apparent Diameter thereof. 

38. As the Force of the Moon to move the Waters is 
at a Medium about 5 Times greater than that of the Sun, 
which is the rz gg Part of Gravity; that of the Moon 
will be the z375557 Part of Gravity; and therefore by 
far too ſmall to be ſenſible in the Motion of Pendulums, 
or any Kind of Static or Hydroſtatic Experiments. In 
the Motion of the Waters of the Sea only can it produce 
any ſenſible Effect. 

9. Io eſtimate the Elevation of Waters which the 
Earth will produce in the Moon; let us ſuppoſe the 
Quantity of Matter (Q) in the Earth to be to that in 
the Moon (2) as 40 to 1, that is, Q: q :: 40: 1, 
and let us firſt ſuppoſe the Earth and Moon of equal 
Bulk, and repreſented by AI K and BD E, and the 
Force (F) of the Earth, at the Surface of the Moon B, 
will be to the Force (f) of the Moon at the Surface 
of the Earth A, directly as the Maſſes of Matter in 
each (becauſe of the equal Diſtances T B and LA), 
that is, F:f::Q:q::40:1. Again, let LB be to 
L C as the Diameter of the Earth to that of the Moon, 
which is as 365 to 100, then will the Force at B be to 
the Force at Cas LB to LC, which let be as F wh 
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then F : f :: 365 : 100, whence F = 35; anda- 


bove we have F=40 f, therefore 4000 f=365 ; and 
ſo f: f :: 365 : 4000 :: 1 : 11 nearly; that is, the 
Power of the Earth to raiſe the Water at the Moon C, 
is to that of the Moen at the Earth A as 11 to 1, very 
nearly. 5 

| ve If then the Moon can raiſe the Water here 10 
Feet, the Earth can raiſe the Water there to the Height 
of 110 Feet; but becauſe the Moon always turns about 
her Axis in the ſame Time as ſhe revolves about the 
Earth, and by this Means ſhews always the ſame Face 
to the Earth, the Waters (if any there be) will be raiſed 
on this and the. oppoſite Side, and always continue 
over the ſame Part of the Moon's Surface, b that there 
can be no different Heights of Water there, and con- 
ſequently no "Tides, except what ſmall ones may hap- 
pen on account of the Sun's Attraction, and her vari- 
ous Inequalities of Motion, and Diſtance from the 
Earth. 

41. The Air, which is 860 Times lighter than Wa- 
ter, muſt yield in Proportion more eaſily to the attract- 
ing Force of the Sun and Moon; and therefore the 
Tides will in this profound and vaſt Aerial Ocean be 
very conſiderable and important. But of this the 
Reader may expect a further Account when we come 
to treat directly of the Atmoſphere, in the next Lec- 
ture, 
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LECTURE Vl. 


Of PxneEuMATICs, or Doctrine of the AlR 


or ATMOSPHERE in general. Of Artifi- 


cial or Factitious AIR ; the great Quan- 


tity thereof in Natural Bodies; various 
Experiments relating thereto. Of the 
Weight of the AIR; of the Nature of the 
BAROMETER for eſtimating the ſame ; an 
Account of the ſeveral Kinds, viz. the Per- 
pendicular, Diagonal, Horizontal, Pen- 
dent, Wheel, and Water BAROMETERS. 
The beſt Way of making the Common Ba- 
rometer. The Nature and Uſe of the 
Nox1vus, applied thereto, explain d. The 
Uſe of the Barometer in Meaſuring the 


Heights of Mountains, &c. The 3 


or EL As T ICI TY of the Air accounted for, 
and explain d. The Nature of the Sk A- 
GAGE exßplain'd. The Altitude of the 
ATMOSPHERE determin'd. The Art of 


_ SAILING in the AIR proved impoſſible. 


The ABsoLUTE WEIGHT of the Air de- 
termin'd by Experiment. Its variable Preſ- 
ſure n HUMAN BobriES ; the Quantity 
thereof computed. An Account of fifty 
Experi- 
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Experiments of the Alx-Pur relating to 
the Weight, Spring, and other Properties 
of the Air. A particular Deſcription of 
the Air-Pump ; an Air-Pump of a new 
Invention. The D1v1NnG-BELL explain'd. 
The Nature and Uſe of THERMOMETERS 
explain'd. The Newtonian STANDARD 
THERMOMETER. Farenheit's new Mer- 
curial Thermometer explain d. HyGRro- 
METERS of ſeveral Sorts explain d. The 
Common A1r-GUN explain d. The Mag A- 
ZINE AIR-GUN particularly deſcribed. 


HAT Part of Natural Philoſophy which 
treats of the Nature, Properties and 
Effects of the ATMOSPHERE, or Body of Air 
encompaſſing the Earth, is called PNEU- 
MATICS, from the Greek Word for Wind © 
or Breath. 
THE Air is generally eſteemed a Fluid, 
but yet differs from the general Nature of 
Fluids in three Particulars, vis. (1.) In 
that it 1s compreſſible, which Property no 
other Fluid has. (2.) It cannot be con- 
gealed, or any how fixed, as all other Fluids 
may. (3) It is of a different Denfity in 
every Part, decreaſing from the Earth's 
Surface upwards ; whereas other Fluids are 
of an uniform Denſity throughout. The 
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Air is therefore a Fluid ſui generis, if it be 
properly any Fluid at all (LX XXV. 

THAT the Air was created at firſt with 
the Earth itſelf, is not to be doubted ; and 
that ever ſince there has been a conſtant 


Generation of Particles of Air by the mu- 


tual Action of Bodies upon each other, as? 
in Fermentations, and all Kinds of natural 
and artificial Chemiſtry, Sir Iſaac Newton 
thinks very reaſonable to ſuppoſe; and 


Mr. Boyle has given numerous Experiments 


relating to the Production of artificial or 
faftitinns Air. (LXXXVI.) J 
; The N 


(LXXXV.) What is here ſaid of the incongealable 
Quality of the ir, relates to the Impoſſibility of chang- 
ing it from a Fluid to a fixed State by Cold, as Water 
is congeal'd or converted into Ice; and melted Metals 
are brought to their fixed State: And in this particular 
limited Senſe, the Air is incongealable, or incapable of 
Fixation. But yet it is not abſolutely ſo; for we find 
by various Experiments, that Air has a fixed State in 
the Compoſition ef natural Bodies, from which, when 
ſet at Liberty, it becomes a fluid elaſtic Air, like the 
common Air; and this again, from a Fluid, may be 
reduced to a fixed State in Compoſition with other Mat- 
ter, though not per ſe; for we know, as yet, of no 
fixed Body conſiſting entirely of Air. | 
(LXXXVI.) 1. Since Air is abſolutely neceſſary for 
the Life of Man, and moſt Animals, yea, and Vege- 
tables too, it was neceſſary at the firſt Formation of 
the Earth to render it a Habitation for Animals, and a 
proper Matrix for the Production of Plants. Now ſince 


there is a conſtant Generation of Air from all terreſtrial 


Subſtances (as we ſhall ſhew by and by) it follows, 


that the original Atmoſphere mult be always increaſing 
2 in 
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Tur the Air is a heavy or fondergus 
Body, muſt follow from the Nature of the 
Matter 
in Quantity and Bulk, unleſs we ſuppoſe all that is ge- 
nerated is again abſorb'd or refixed in the Subſtance of 
Bodies. And this alternate "T'ranſmutation of the State 
of Air is extremely manifeſt from numberleſs Experi- 
ments which have been made by Mr. Boyle and Dr. 
Hales, of which I ſhall here give an Account of ſome 
of the principal of both Kinds, as follows. 

2. The Production of artificial or factitious Air is 
cauſed either {1.) by flow Degrees from Putrefactions 
and Fermentations of all Kinds; or (2.) more expedi- 
tiouſly by ſome Sorts of chymical Diſſolutions of Bo- 
dies; or (3.) and laſtly, almoſt inſtantaneouſly by the 
Exploſion of Gunpowder, and the Mixture of ſome 
Kinds of Bodies. Thus, if Paſte or Dough with Lea- 
ven be placed in an exhauſted Receiver, it will, after 
ſome J ime, by Fermentation, produce a conſiderable 
Quantity of Air, which will appear very plainly by'the 
Sinking of the Quickſilver in the Gage. Thus alſo any 
Ailmal or Vegetable Subſtance, putrifying in Vacuo, 
will produce the ſame Effect. Mp | 

3. Gunpowder, fired in Vacuo, inſtantly generates a 
large Quantity of Air in the Receivet, which cauſes the 
Quickſilver to ſubſide, And in the remarkable Expe- 
riment of Dr. Slare, half a Drachm of Oil of Car- 
raway-Sced, poured upon a Drachm'of the Compound 
Spirits of Nitre, produced ſuch a prodigious Quantity of 
Air, as inſtantly blew up the Receiver, which was fix 
Inches in Diameter, and eight Inches deep. The Preſ- 
ſure, therefore, of the Atmoſphere on the exhauſted 
Receiver, which it overcame, was above 400 10. reck- 
oning 15 /b, to a ſquare Inch. 


4. But Dr. Hates, in his Vegetable Statics, has greatly plate 


excelled in his Experiments of this Kind, and in the XXVII. 


Methods of making them ; one of which was by Di/- Fig 1. 


tilation, the other by Fermentation. That by Diſtilla- 
tion is as follows: The Matter to be diftill'd is put into 


the Retort r, and then at a is cemented very faſt the 
| 1 Glaſs 
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Matter of which it doth conſiſt; and ſince 
thoſe Particles ariſe from Bodies of every 
N | Kind 


Glaſs Veſſel a ö, which was very capacious at 6, and 
had an Aperture c , or Hole at the Bottom. The 
Bolt-Head a b being thus immerſed in Water, with 
ene Leg of an inverted Syphon put up as 'far as z, the 
Water would riſe in the Bolt-Head, and drive out the 
Air through the Syphon, which being taken out, the 
Water will remain in the Veſſel to the Part z ; at the 
ſame Time, while the Bolt-Head is under Water, it is 
= laced in the Veſſel x x, which with the Bolt-Head and 
n is carried to the Chymical Furnace, where the 
Retort has the Heat and Fire gradually communicated 
to it, and the Bolt-Head a 6 and Veſſel x x well ſcreen'd 
from the Heat of the Fire. | 
5. As the Matter diſtill'd, all except the Air, would 
go down into the Water of the Bolt-Head and Veſſel; 
the Air that was generated or deſtroyed by the Proceſs 
would be ſhewn by cauſing the Surface of the Water 
in the Bolt-Head to ſtand below or above the Point z, 
as at y, when all was ſet aſide till it became quite cold. 
Thus if the Body diſtilling generates Air of an elaftic 
Quality, that, added to the former, will not permit the 
Water y to riſe ſo high as z, and the Space between z 
and y below will ſhew how much Air was produced from 
its fixed State. | | 
6. But if, when all is cold, the Surface of the Wa- 
ter y be ſeen above the Point z, it then ſhews that the 
diſtillùd Body did deſtroy, that is, imbibe or abſorb, a 
Part of the natural Air above z ; and the Space between 
* and , filld with Water, will ſhew what Quantity 
was changed from a repellent elaſtic to a fixed State, by 
the ſtrong Attraction of the abſorbing Particles of the 
diſtilled Body. This Quantity of generated or abſorbed- 
Air it is eaſy to meaſure in Cubic Inches, by ſtopping 
the End of the Bolt-Head with a Cork, and then from 
a Quantity of Water of a known Weight to fill it firſt 
to z, and afterwards to y; and the Difference of Weight 
in the two Bulks of Water gives the Number of 2 
| | nches 
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Kind in or upon the Earth, tis evident 
the conſtituent Parts of Air are of a moſt 
Hetero- 


Inches from a Table of ſpecific Gravities, in the Man- 
ner we have formerly ſhewn. 

7. The other Method which the Doctor made uſe of 
for eſtimating the ſurpriſing Effects of Fermentation 
ariſing from various Mixtures of ſolid and fluid Sub- 
ſtances, in generating and abſorbing Air, was as fol- 
lows : He put the Ingredients into the Bolt-Head b, and 
then run the long Neck thereof into a tall cylindric 
Glaſs a y, and inclining both almoſt horizontally in a 
large Veſſel of Water, the Water ran into the * 
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eſſel Plate 


a y, and driving out Part of the Air would poſſeſs its XXVII. 
Place, upon turning them up and placing both in a Veſſel Fig. 2. 


of Water x x, as you ſee in the Figure, where the Sur- 
face of the Water ſtands in the inverted Glaſs ay at 


the Point z. 


8. If the Ingredients generated Air, then the Water 


would fall from z to y, and the empty Space z y was 
equal to the Quantity of generated Air ; but if on 
Fermentation they abſorbed or fixed the active Particles of 
Air, then the Surface of the Water would aſcend from 
z to n; and the Cylinder z » would be the Bulk of Air 
abſorb'd, which is eaſily known in Cubic Inches. 

9. When the Subjects for trying theſe Experiments 
were a burning Candle, burning Brimſtone, Nitre, Gun- 
powder fired, living Animals, &c. the Doctor uſed to 
make uſe of a Pedeſtal on the Top of which was a 
Plate whereon he laid the Matter to be fired ; then in- 
verting the tall cylindric Glaſs over it, and drawing the 
Water up to z z with an inverted Syphon, he ſet fire to 
the Matters lying on the Plate by Means of a Burning- 
Glaſs concentering the Sun's Rays in its Focus upon the 
ſame. See the Figure. wal, 

10. But the Way that I make uſe of, and which is 
the moſt eaſy and expeditious poſſible, is inſtead of hav- 
ing the cylindric Glaſs cloſe upon the Top at b b, to 

have it open by a ſmall Neck, on which a Braſs Cap is 
cemented with a F a to receive a Stop- Cock, 
3 " 


— 


Fig. 3. 
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heterogeneous Nature, and infinitely various 
in their ſpecific Gravities : Whence alſo it 
will 


to take off the Communication of the external Air 
when Occaſion requires. Thus the Uſe and Trouble 
of the Syphon is ſuperſeded ; and in caſe of noxious 
Fumes, Vapours, &c. from Aqua fortis, burning Brim- 
ſtone, &c. a Fyringe ſcrewed on to the Stop-Cock will 
draw off the Air, and raiſe the Water to what Height 
you pleaſe, without the cumberſome Uſe of a large Pair 
of Bellows, as the Doctor made uſe of. 

11. I ſhall here ſubjoin the Quantity of Air which 
various Subſtances produce b Diſtillation, which I have 
collected from the Doctor s Experiments, and reduced 
to Cubic Inches. 


A Cubic Inch of Hog's Blood 0 
Tallow — — 25 
Deer's Horn — — 234 
Oyſter-Shell — 324 
Heart-Oak — — 2216 
Peaſe — — 396 
Amber _ — 270 
Oil of Aniſeed — 22 
Oil of Cloves — 88 
Honey — 144 
Yellow Bees Wax — 54 
Coarſeſt Sugar _ 126 
Newcaſtle Coal — 360 
Freſh Earth — — 43 
Antimony — _ 28 

Pyrites — — 83 
Sea- Salt mixed with Borie-Calx 64 
Nitre, with ditto ' — 180 
Sal Tartar ditto — 224 
Rheniſh Tai ur — 504 

* Calculus humanus — 645 


Stone in the Gall-Bladder 648 


12. Theſe are the principal Experiments by Diſtilla- 
tion. Others were made by Fermentation in various 
Mixtures, 
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will follow, that as the Matter which com- 
poſes the Body of Air, or Atmoſphere, is 


always 


Mixtures, ſome of which generated Air, others ab- 
ſorb'd it, and ſome did neither generate nor abſorb Air. 


The principal Subjects, which of themſelves abſorb Air, 


are the Fumes of burning Brimſtone or Matches, the 


Flame and Fumes of a burning Candle, the Breath of 
living and expiring Animals, as Rats, Mice, Sc. 
13. Thus the Doctor found that Linen Matches 
dipped in melted Brimſtone, and fired under a Glaſs in 
a Quantity of 594 Cubic Inches, abſorb'd 150, which 
was full one-fourth of the Whole. A Candle burning 
till it went out, its Fumes afterwards conſumed pr Part 
of the whole Quantity of Air, which was 594 Cubic 
Inches. A halt-grown Rat expired in the confined Air 


in ten Hours, and abſorb'd 45 Cubic Inches of Air, 


which was N Part of the whole 594. 

14. From what has been ſaid we ſee with how much 
Reaſon Sir Iſaac Newton philoſophized on this Subject in 
the following Words: „ True permanent Air ariſes 
« by Fermentation or Heat from thoſe Bodies the Chy- 
« miſts call fixed, whoſe Particles adhere by a ſtrong 


Attraction, and are not therefore ſeparated and rari- 


« fied without Fermentation; thoſe Particles recedi 

« from one another with the greateſt repulſive Foree, 
« and being moſt difficultly brought together, which 
« upon Contact were moſt ſtrongly united.” And 
again: © Denſe Bodies, by Fermentation, rarify into 
« ſeveral Sorts of Air; and this Air by Fermentation, 
« and ſometimes without it, returns into denſe Bodies.“ 
See his Optics, Query 30, 31. 

15. Now ſince Air is a heavy Body, a Cubic Inch 
whereof weighs very near 2 of a Grain, it follows, that 
Air in its fixed State in Bodies makes a Part of their 
Subſtance, and in ſome of them a very great Part too, as 
is known from the Quantity and Weight of the Air 
diſcharged, upon the Analyſis of the Bodies. This has 
eſcaped the Obſervation of Chymiſts, who have hitherto 
taught that all Bodies were ultimately reſolveable into 


I 4 what 


1 R 
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always variable, ſo will its Weight or Gra- 


vity be likewiſe ; as we conſtantly experi- 


ence 


what they call Four Elements only, viz. Water, Ot, 
Salt, and Earth. But by the following Table ir will 
appear, that Air is an Element of Natural Bodies in as 
proper a Senſe as any of the other. | 

16. In the firſt Column of this Table you have the 
Bulk of the Body in Cubic Inches and Parts ; ig the 

ſecond, the Number of Cubic Inches of generated Air; 
in the third is the Weight of the Body in Grains ; in 
the fourth is the Weight of the generated Air; and the 
fifth ſnews what Part of the Whole the Air makes. 


C. Inch. C. Inch. Grs, Gris. Prop, 


Deer's Horn, 2 — 117 — 241 = 33 — + 
Oyſter-Shell, + — 162 — 266 — 46 — G 
Heart of Oak, 2 — 108 — 135 —- 30 —- + 
Indian Wheat, — 270 — 388 — 77 — x 
Peaſe, 1 — 396 — 318 — 113 — 4 
Muſtard-Seed, — 270 — 437 — 77 — 8 
Amber, | 4 — 135 135 ow 38 — 
Dry Tobacco, — 153 — 142 — 44 — 4 
Honey with Cwelx ' | : 
of Bones, [ r 
Yellow Wax, 1— 54 — 243 — 15 — 
Coarſe Sugar, 1 — 126 — 471 — 36 — 1 | 
Newcaſtle Coal, 2 — 120 — 158 — G1 — x 
Nitre with Calx} 

of Bones, d . 


Rk:mi/h Tartar, I — 504 — 443 — 144 — 4 
Calculus bumanus, 4 — 516 — 210 — 147 — + 


17. Thus we ſec that different Bodies contain diffe- 
rent Quantities of fixed Air, from a Sixteenth to a Half 
of the whole Subſtance. From hence we may be fully 
ſatisfied of the Truth of Sir 1/aac Newton's Reaſoning 
in the 31ſt Query of his Optics, in theſe Words: The 
„Particles, when they are ſhaken off from Bodies by 
Heat or Fermentation, ſo ſoon as they are beyond 
«© the Reach of the Attraction of the Body, recede from 


« it, 
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ence by the BaROME TER, of various Kinds 
and Structure. (LXXXVII.) 


SINCE 


« jt, and alſo from one another, with great Strength, 
« and keep at a Diſtance, ſo as ſometimes to take u 
« above a Million of Times more Space than they did 
« before in the Form of a denſe Body: Which vaſt 
« Contra:tjton and Expanſion ſeems uninteliigible by 
« feigning the Particles of Air to be fpringy and ra- 
« mous, or roll'd up like Hoops, or by any other 
« Means than by a repulſive Power,” 

18. That the Particles of Air cannot be thus coil'd 
up and detain'd in their elaſtic State in the Subſtance of 
Bodies, is ealy to be ſhewn from Calculation. Thus, 
for Inſtance, one Cubic Inch of Oak yields 216 Cubic 
Inches of Air: Now ſuppoſe the Preſſure of the At- 
moſphere be on every Square Inch about 15 4%. (as 
we ſhall thew) then in order to compreſs 216 Cubic 
Inches into 'one Cubic Inch, the Weight of 216 Times 
15 bb. or 3240 lb which would be the Force to confine 
it on each Side the Cube, which, as it has ſix Sides, 
will require 6 x 3240 = 19440 1b. or near twenty thou- 
ſand Weight, to confine this Air in its elaſtic State in 
one Cubic Inch, ſuppoſing it to be all Air; but as it is 


not, the Force will be greater ftill, This Force 
9440 {b. muſt be exerted in every Cubic 


therefore of 1 
Inch of the Oaken Tree, which would rend it in Pieces 
with a vaſt Exploſion, It is therefore not to be doubted 


but Air in Bodies does exiſt in a fixed and unelaſtic 


State; and that it is rouſed, and put into an active re- 
pellent State, by Means of Fire and Fermentation. 

19. They who would ſee the numberleſs Uſes that 
may be made of this important Doctrine of artificial 
Air, and the ſurpriſing Scenes of Knowledge which it 
lays open in the moſt abſtruſe and difficult Parts of 
Phyfics, may conſult all the latter Part of the invaluable 
Book above-mentioned, viz. Doctor Hales's Vegetable 
and Chymico-Statical Experiments, ſome of which we 
{hall take Notice of alſo in the Sequel of theſe Notes. 

(LXXXVII.) 1. The Weight of the Air is manifeſt 
from Reaſon and various Experiments. The Particles 
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» Stxcs the Particles of Air are ſuch as 
being ſeparated from Bodies beyond the 
| Sphere 


are affected by the Power of the Earth's Attraction, and 


muſt therefore all gravitate or tend towards its Centre, 
which is what conſtitutes Weight in them, and all other 
Bodies. The Experiments to ſhew the Weight of the 


' Air are numerous which we ſhew on the Air-Pump, 


among which one 1s abſolute and very exact, by weigh- 
ing it in a Balance, in the ſame Manner as all other 
heavy Bodies are weigh'd. | 

2. The Method I take for this is, I believe, the moſt 


exact and nice that can poſſibly be thought of. For 


fince (as we have ſhewn) the Friction of the Balance is 


in Proportion to the Weight with which it is charged, 
the leſs the Weight is the leſs will be the Friction, and 


conſequently the more nice and exquiſite will be the 
Experiment. In order to this I take a very thin large 
Florence Flaſk, whoſe Capacity is exactly known in 
Cubic Inches: This I exhauſt of all the Air as near as 
can be, and then hang it to the End of a very fine and 
exact Hydroſtatic Balance, which I counter-balance by 
Grain-Weights in a Scale hanging, from the other End. 


When the Equilibrium is nicely obtain'd, I lift up the 
Valve, and let the Air ruſh into the Flaſk, which 1s 


ſenſibly heard, and ſeen to gravitate in the Glaſs, by 
cauſing it gradually to deſcend till it be fill'd with Air, 
and will then preponderate greatly. Then to reſtore 
the Equilibrium, I find by Experience *tis neceſſary to 
add abqut 8 Grains for every Pint the Flaſk contains; 
which ſhews that a Gallon of Air weighs about a Dram, 


and a Buſhel an Ounce Troy; and becauſe one Pint = 


28 Cubic Inches nearly, therefore one Cubic Inch of 
Air weighs 5, = 2 of a Grain, at a Mean. JE? 

3. As the Air is a heterogeneous Fluid, it will vary 
in its Weight according to its different component 


Parts, and alſo according to its different Altitudes, which 


it muſt have as an elaſtic and fluctuating Fluid. Since 
few Bodies are lighter than Water, and that Water 


is moſt eaſily rarified into Vapour, it follows, that the 


Atmoſphere fill'd with aqueous Particles will be lighteſt, 
| as 


* 
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Sphere of corpuſcular Attraction, are 
ſtrongly repell'd from thoſe Bodies; this 
Repellency 


as we generally find it is in moiſt rainy Weather; and 
alſo that it muſt oftener be in this light than in a hea- 
vier State: And that Inſtrument which ſhews the Va- 
riation of the Air's Gravity, or its different Weight at 
different Limes, is call'd a BazomeTER, of which 
there are various Kinds, which are here deſcribed ; but 
I ſhall firſt give an Account of the moſt ſimple Struc- 
ture or Form of thoſe Inſtruments, which is as follows. 
A Glaſs Tube, hermetically ſeal'd at one End, is to 
be fill'd with Quickſilver, well defecated and purged of 
its Air: The Finger being then placed on the open 
End in immediate Contact with the Mercury, ſo as not 
the leaſt Particle of Air is admitted, the Tube is inverted, 
and carefully immerſed with the Finger on the open 
End in a Baſon of the ſame prepared Mercury; then 
upon removing the Finger, the Mercury in the Baſon 
will join that in the Tube; and the ſaid Column, of 
Mercury in the Tube will be ſeen immediately to ſub- 
ſide, or fink down to a certain Pitch or Altitude, if the 
Tube be above 31 Inches long, as it ought to be. 

4. Let AB be ſuch a Tube of 34 Inches Length, 
and 4 of an Inch in Diameter, (as it ought to be for 
this Purpoſe) hermetically ſeal'd at A, and open at B; 
let C D be the Baſon of Mercury, in which the Tube 
is immerſed inverted, the Surface of the Mercury in 
the Baſon E F, and in the Tube G H. Now, ttis eaſy 
to underſtand, that if all this could be perform'd in 


Vacuo, as ſoon as the Tube was inverted, all the Mer- 


cury would deſcend into the Baſon, becauſe as a heav' 
Body it muſt tend towards the Centre of the Earth, 
till it meets with ſome Obſtacle, as the Baſon, to ob- 
ſtruct its Motion, and ſupport it: I ſay, all this would 
happen in Vacuo, unleſs we can ſuppoſe any Power in 
the T'ube ſufficient to ſuſtain the Column of Mercury. 
Now there can be *, ſuch Power but that of Coheſion, 
which indeed, in Tubes of a ſmall Bore, has been 
tound able to ſuſtain it; but in ſo large a Bore, as we 
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SINCE the Particles of Air are ſuch as 
being ſeparated from Bodies beyond the 
Sphere 


are affected by the Power of the Earth's Attraction, and 
muſt therefore all gravitate or tend towards its Centre, 
which is what conſtitutes Weight in them, and all other 
Bodies. The Experiments to ſhew the Weight of the 


' Air are numerous which we ſhew on the Air-Pump, 


among which one is abſolute and very exact, by weigh- 
ing it in a Balance, in the ſame Manner as all other 
heavy Bodies are weigh'd. 

2. The Method I take for this is, I believe, the moſt 
exact and nice that can poſſibly be thought of. For 
fince (as we have ſhewn) the Friction of the Balance is 


in Proportion to the Weight with which it is charged, 


the leſs the Weight is the leſs will be the Friction, and 
conſequently the more nice and exquiſite will be the 
Experiment. In order to this I take a very thin large 
Florence Flaſk, whoſe Capacity is exactly known in 
Cubic Inches: This I exhauſt of all the Air as near as 
can be, and then hang it to the End of a very fine and 
exact Hydroſtatic Balance, which I counter-balance by 
Grain-Weizhts in a Scale hanging from the other End. 
When the Equilibrium 1s nicely obtain'd, I lift up the 
Valve, and let the Air ruſh into the Flaſk, which 1s 
ſenſibly heard, and ſeen to gravitate in the Glaſs, by 
cauſing it gradually to deſcend till it be fill'd with Air, 
and will then preponderate greatly. Then to reſtore 
the Equilibrium, I find by Experience *tis neceſſary to 
add abqut 8 Grains for every Pint the Flaſk contains; 
which ſhews that a Gallon of Air weighs about a Dram, 
and a Buſhel an Ounce Troy; and becauſe one Pint = 
28 Cubic Inches nearly, therefore one Cubic inch of 
Air weighs 5, = 2 of a Grain, at a Mean. , 

As the Air is a heterogeneous Fluid, it will vary 
in its Weight according to its different component 


Parts, and alſo according to its different Altitudes, which 


it muſt have as an elaſtic and fluctuating Fluid. Since 
few Bodies are lighter than Water, and that Water 


is moſt eaſily rarified into Vapour, it follows, that the 


Atmoſphere fill'd with aqueous Particles will be lighteſt, 
| as 
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to approach nearer to each other, the re- 
pulſive Power will re- act or reſiſt the ſaid 
Force 


11. The next Sort of Barometer that I ſhall 4e. 


ſcribe, is call'd the PEXDENT BAROM ETER, becauſe 
being a ſingle Tube only, it is hung up by a String at 
the End A. This Tube is a little tapering or conical, 
the End A being a little leſs than B. It is ſeal'd at A, Plate 
and fill'd with Mercury from A to F = 31 Inches; XXVII. 
then when the Tube is inverted, the Mercury, if the Fig. 7. 
Gravity of the Air be not greateſt, will ſink down in 
the Tube and abide in that Part C D, which will ad- 
mit its Length or Altitude CD to be the ſame with 
that in the Common Barometer. Thus by reaſon of 
the conical Bore of the I ube, as the Air grows lighter 
the Mercury will deſcend, till when it is lighteſt of all, 
the Mercury will ſtand from the lower Part of the 
Tube B to E, fo that BE = 28 Inches. Conſequent! 
the Mercury will, in ſuch a Tube, move from A to F. 
32 Inches, if the Tube be 5 Feet or 60 Inches long, 
and fo the Scale AE is here above 10 Times greater 
than in the Common Barometer. The Fault of this 
Parometer is, that the Tube being of a very ſmall 
Bore, the Attraction of Coheſion will be very conſide- 
rable, and prove an Impediment to that Freedom of 
Motion as is neceſſary to ſhew a very ſmall Variation 
of the Air's Weight; for which Reaſon, when you 
ſhake the Tube a little, the Mercury will not ſettle 
again where it was, or have the-fame Altitude as be- 
fore; beſides that, by its Weight it is very apt to break 
off in the lower Part, and fall out of the Tube. We 
owe this Invention to Mr. Amontons, who firſt publiſhed 
it in A. D. 1695. 
12. The next Barometer which I ſhall mention is 
call'd the WHEEL BAROMETER, from its Structure, 
which is eafily underſtood from the Figure; where Fig. 8. 
ABD G repreſents the Quickſilver in a Glaſs Tube,, 
having a large round Head or Ball at Top, and turn'd 
up at Bottom to F. Upon the Surface of the Mercury 
in the recurv'd Leg there is placed an Iron Ball G with a 
String 


*% 


Repellency being mutual between the Par- 
ticles, they do by this means conſtantly 


repel 


ſuppoſe this Tube to have, that Power is by far too ſmall 
to ſupport ſo heavy a Column, which mult therefore of 


Courle ſink into the Baſon; and ſo ſtand upon the ſame _ 


Level in the Baſon, and in the Tube. 

5. But ſince the Mercury does not totally ſubſide 
when this Experiment is made in the Air, the Cotumn 
which remains in the Tube muſt owe its Suſpenſion to 
the Air as its Cauſe, fince nothing within or without 
the Tube can be ſuppoſed (with any Shew of Reaſon) 
to produce ſuch an Efiect, beſides itſelf. Now allow- 
ing the Air to be a gravitating Fluid, it muſt neceſſarily 
cauſe ſuch an Effect, as the Suſpenſion of Mercury in 
the Tube; for by its Gravity a Force of Preſſure muſt 
be produced on all the Surface of Mercury in the Baſon, 
which is Contiguous to it, and on every Part equally, 
Now ſince the Mercury in the Baſon is in Eguilibrio 
with that in the Tube, it is plain the Weight of the 
Mercury in the Tube, and the Weight of the Air upon 
every circular Area of the Surface of the Mercury in 
the Baſon, equal to the Orifice of the Tube, muſt be 
equal, for elſe they could not balance each other, as 
we find they do; the Column of Mercury therefore is 
ſuſtain'd by the Counter-Preflure of a Column of Air of 
the ſame Baſe, and whoſe Altitude is equal to that of the 
Atmoſphere. ; 

6. That the Weight of the Columns of Air and 
Mercury, we have now been ſpeaking of, are preciſely 
equal to each other, will be farther evident, if we conſi- 
der, that upon Suppoſition the Quickſilver were tho- 


roughly purg'd from Air, when it ſubſides in the Tube, 
it muſt leave a Vacuum in all that Part of the Tube above 
it, and ſo there is nothing to act upon its upper Surface 


to depreſs it; it will therefore always fink or riſe to ſuch 
an Altitude, as the various Gravity of the Air requires, 
and of which it is therefore an adequate Expreſſion or 


Meaſure, as its Nature imports. This Invention was 


owing to that happy Italian Genius Torricelli, a 1 
0 
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repel each other, and therefore they muſt 
obſerve an equal Diſtance among them- 
5 ſelves. 


of the famous Galileo. And hence it is very often call'd 
the Torricellian Tube, and the Torricellian Experiment, 
&c. | 
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7. Since, as we have ſhewn, this ſuſpended Column 


of Mercury exactly indicates the Gravity of the Air at 
all Times, it has employ'd the Attention of all Man- 
kind, who very ſenſibly find themſelves affected with 
the different State of the Air; but more eſpecially has 
it merited the Conſideration of Philoſophers, who have 
taken all Opportunities to explore, by this Means, the 
two Extremes of the Air's Gravity, viz. when it is leaſt 
and greateſt of all, by obſerving the leaſt and greateſt 
Altitude of this mercurial Column, which by long Ex- 
perience we find to be very nearly between 28 and 31 
Inches, it being very rarely leſs or more than thoſe 
Heights; whence 29 3 Inches is fixed upon as the Mean- 
Altitude expreflive of the Mean-Gravity of the Air, 
which therefore let be repreſented by B u. and let the 
greateſt Altitude be BI, and the leaſt B K, then is I K 
call'd the Scale Variation. | 

8. Now as there is a Space of 3 Inches in the per- 
pendicular Tube for the Mercury to riſe and fall in, 
and fince Fluids will always have the ſame Altitude in 
a Tube of any Form or Inclination, Artiſts have con- 
trived Methods to increaſe the Motion of the Mercury, 
by making it move over a larger Space ; and thus have 
invented ſeveral different Forms of Barometers, the 
principal whereof I ſhall here deſcribe. That which, 
next to the upright one, is in moſt Eſteem, is called 
the Diagonal Barometer, and is that in Fig. V. where 
ABC is a Tube ſeal'd at C, immerſed in Mercury at 
A. This Tube is perpendicular from A to B, where the 


Plate - 


Scale of Variation begins; from thence it is bent into XXVII. 
BC, making an acute Angle FB C. This Part BC Fig. 5. 


proceeds to the higheſt Limit in the Scale of Variation, 
viz. IC; and conſequently while the Mercury riſes 
from K to I in the Common Barometer, it will move in 

| | this 


A (] 
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bees. When, therefore, thoſe aerial Pars 
ticles are obliged by any impreſs'd Force 
to 


this from B to C, (See Annotat. LXIX. 4.) and fo the 
Scale will by this Means be enlarged in the Proportion 
of B C to FB IK, i. e. of the Diagonal to the leaſt 


Side of a Parallelogram. 
9. The Fault which this Form is ſubject to is this, 


that as the Quickſilver is a very heavy Body, and ſup- 


goes on the Part B C, like a Body on an Inclined 
"BJ 


ane, it muſt have a great Degree of Friction, , which 
is the more fo as the Part BC is more oblique, and 
conſequently the very ſmall and nice Variation of the 


Air's Preſſure cannot be ſo well ſhewn in this Form, 


where the Motion is not abſolutely free; and it ver 
often happens, from the Inclination of the Part BC, 
that the Quickſilver divides into ſeveral Parts, and ſo 
requires the Trouble of filling the Tube anew too fre- 


'_ quently. This Form is the Invention of Sir Samuel 
l Moreland. 


. of Variation from A to 


10. Another Form of the Barometer for enlarging 
the Scale of Variation, was contrived by Mr. Caſſini, 
and afterwards compleated by Mr. John Berncuilli. It 
conſiſts of a Tube AC DF, ſeal'd on the upper End A, 
and bent to a right Angle at D, whence it has the 
Name of the horizontal reftengular Barometer. The 
Mercury ſtands on both Legs from E to B. The Scale 

„is here made of a larger 
Part, and then it is evident in moving 3 Inches from A 
to C, it will move through ſo many I imes 3 Inches in 


the ſmall Leg DF, as the Bore of DF is leis than the 


Bore of AC, whence the Motion of the Mercury at 
E muſt be extremely ſenfible ; but the Inconvenience 
here too is, that the Mercury is very apt to break off 
in the Leg E, as alſo to run out at the End F; beſides 
that, here is alſo a great Degree of Friction, and not 
only that, but the Part D F being of a very ſmall Bore, 
the Attraction of Coheſion will a little impede the free 
Motion of the Mercury therein. 

8 as | 11. The 


* 
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Sphere of corpuſcular Attraction, are 


ſtrongly repell'd from thoſe Bodies; this 
Repellency 


as we generally find it is in, moiſt rainy Weather; and 
alſo that it muſt oftener be in this light than in a hea- 
vier State: And that Initrument which ſhews the Va- 
riation of the Air's Gravity, or its different Weight at 
different Times, is call'd a BazomeTER, of which 
there are various Kinds, which are here deſcribed ; but 
I ſhall firſt give an Account of the moſt ſimple Struc- 
ture or Form of thoſe Inſtruments, which is as follows. 
A Glaſs Tube, hermetically ſeal'd at one End, is to 
be fill'd with Quickſilver, well defecated and purged of 
its Air: The Finger being then placed on the open 
End in immediate Contact with the Mercury, ſo as not 
the leaſt Particle of Air is admitted, the Tube is inverted, 
and carefully immerſed with the Finger on the open 
End in a Baſon of the ſame prepared Mercury ; then 
upon removing the Finger, the Mercury in the Baſon 
will join that in the Tube; and the ſaid Column, of 
Mercury in the Tube will be ſeen immediately to ſub- 
ſide, or ſink down to a certain Pitch or Altitude, if the 
Tube be above 31 Inches long, as it ought to be. 

4. Let AB be ſuch a Tube of 34+ Inches Length, 
and 4 of an Inch in Diameter, (as it ought to be for 
this Purpoſe) hermetically ſeal'd at A, and open at B; 
let C D be the Baſon of Mercury, in which the Tube 
is immerſed inverted, the Surface of the Mercury in 
the Baſon E F, and in the Tube G H. Now, tis eaſy 
to underſtand, that if all this. could be perform'd in 
Facus, as ſoon as the Tube was inverted, all the Mer- 


cury would deſcend into the Baſon, becauſe as a heavy 


Body it muſt tend towards the Centre of the Earth, 
till it meets with ſome Obſtacle, as the Baſon, to ob- 
ſtruct its Motion, and ſupport it: I ſay, all this would 
happen in Yacuo, unleſs we can ſuppoſe any Power in 
the Tube ſufficient to ſuſtain the Column of Mercury. 
Now there can be 1. ſuch Power but that of Coheſion, 
which indeed, in 'Tubes of a ſmall Bore, has been 
found able to ſuſtain it; but in ſo large a Bore, as we 


ſuppoſe 


| 
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Force with an equal Momentum; and thus 
cauſe what we call the RExITENCY, ELAs- 
TICITYg1 


— — — —— — non res 
* 


String going over a Pulley CD, and is balanced by 
another Weight H hanging freely in the Air. As the 
Surface of the Mercury at AB is very large, and that 
at G very ſmall, the Motion of the Quickſilver, and 
conſequently of the Ball G, will at Bottom be very 
conſiderable; but as the Weight G moves up and 
down, it turns the Pulley CD, and That a Hand 
or Index K L, by the Divifions of a large graduated 
Circle MNOP; by which Means the minuteſt Va- 
riations of the Air are plainly ſhewn, if the Inſtrument 
be fo very accurately made that the Friction of the ſeve- 
ral Parts be inconſiderable. This is one of the many 
curious Inventions of Dr. He. 

13. Theſe are the principal Contrivances hitherto 
invented. for enlarging the Scale of Variation n ſimple 
Mercurial Barometers, There are other Inventions of 
Compound Barometers, viz. ſuch as are made of Mer- 
cury and Water, or other Liquors for that Purpoſe ; 

but they are ſo difficult to make, fo faulty when made, 
| - and ſo troubleſome to ufe, that it is not worth while to 

= deſcribe them. However, as the Reader may have an 
| Idea of one of the beſt Sort, I ſhall here give him that 
| which owes its Invention to the Reverend Mr. Rownang, 

| together with his Demonſtration of its Theory. 

plate 14. ABC is a compound Tube ſeal'd at A, and 

XXVII. open at C, empty from A_to P, hid with Mercury 

7 from thence to B, and from thence to E with Water. 

T8. 9. Let G, B, H, be in an horizontal Line, then it is plain 

from the Nature of the Syphon, that all the compound 

Fluid 1 in the Part between H and G, muſt 

ever be in Equilibrio with itſelf, be the Weight of the 

Air what it will, becauſe the Preſſure at H and G muſt 

always be equal. Whence *tis evident, that the Co- 

lumn of Mercury DH is in Eguilibrio with the Column 
of Water G E, and a Column of Air of the ſame 

Baſe conjointly, and will therefore vary with the Sum 
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TICITY, or SPRING of the Air; which is 
ſo ſenſible by the common Experiment of 
a blown 


of the Variations of each of theſe ;, all which muſt now 
be computed. | | | | 

15. The Variation of the Weight of the Air, which 
we will call V, is meaſured by the Space which the 
Mercury moves in the common Barometer in a given 
Time. Let x be the Space which the Water at E 
moves through in the ſame Time, and let the Diameter 
of the Tube AF be to that of the Tube FC as D to 1, 

x 


then will the Space moved through at B be as F- 
and therefore G E, the Difference of the Legs E K and 


K B, will vary in its Weight by x + 55 Alſo ſince 


the Space moved through by the Mercury at B and D is 


as = the Difference DH will vary its Weight by 


5 But this Variation of Weight is equal to both the 


former, and ſince x + __ is an Altitude of Water, if 


we put m to 1 as the Specific Gravity of Mercury to 


x + 2 
Water, we ſhall have m: 1 :: x + =: 2 hl — 
5 1 27 755 5 
Altitude of Mercury of the ſame Weight, conſequently, 
a = x + am | 
5 * = V. + j which Equation, when reduced, 
VD 1 . 
Sives x = 33 re which gives this Analogy 3 


as K: V:: mD*: 2m—D*—1, fo is the Scale of 
Variation in this, to that in the common Barometer. 
16. Hence if m = 14, andD = 1; we have x: V 


AF and FC are of an equal Bore, the Variation in 
Vo. II. K this 


9 24 129 


: 14: 26: : 7: 13; which ſhews that when the Tubes 


* 
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this is leſs than that of the common Barometer in the 
Ratio of 7 to 13. If 2 m—-D*—1 = o, or 2 m—1 


= D, then DS / 2 m—1 = 5,2; whence it ap- 
pears, that when the Diameter of A F is to that of FC 


as 5,2 to 1, the Variation x will be infinite in reſpect 


of that in the common Barometer. If D = 5, then 
x:V::175: 1; whieh fnews how very large the Scale 
of Variation in this Barometer may be made in Com- 
pariſon of the common one. But I believe ſuch a 
Structure as this will afford more Pleaſure in Specula- 
tion than in Practice; and when all is done, the Baro- 
meter of the common Form, as it is moſt ſimple, ſo it 


will be found the moſt eaſy and accurate of all others. 


Plate 
XXVIII. 
Fig. 1. 


17. Before I conclude this Art: cle, I ſhall juſt men- 
tion the Barometer invented by the Rev. Mr. Caſwell of 
Oxford. Suppoſe A B CD be a Bucket of Water, in 
which is placed the Baroſcope xre2z 56m, which con- 
ſiſts of a hollow Body xr 5 m, and Fube ez 5, made 
of Braſs, Tin, Glaſs, Sc. The Bottom of the Tube 
2 y has à Lead-Weight to ink it, ſo that the Top of 
the Body may juſt ſwim even with the Surface of Wa- 


ter, by. the Addition of ſome eng e rag As the 


Inſtrument is put into the Water, with the Mouth down- 
wards, the Water aſcends into the Tube to the Height 
of yu; there is added on the Top a, ſmall concave Cy- 
linder, or Pipe, to ſuſtain the Inſtrument from ſinking 
to the Bottom when the Air becomes heavier; md is 
a Wire, and m, de, are two | hreads, oblique to the 
Surface of the Water, Of theſe Threads there may be 
feveral ; and as the Water juſt touches the Toy or 


Cron of the Inſtrument, when the Altitude of the 


Mercury is leaſt in he Common Barometer, ſo as the 
Air increaſes in Weight, the- Inſtrument ſinks in the 
Water, and a ſmall Bubble is formed on the Thread, 
which continually aſcends and deſcends through all the 
Length of the Thread. From a Calculation on the 
Theory, it appears, that this Barometer is above 1200 
times more exact than the Common Barometer, See 
the whole Calculation in the Proſeſſor's own Words in 


the Phil. Tranſations. 


18. Though I have made and tried the Barometer 


above deſcribed, and find it to anſwer the Theory very 


well, 


a 
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well, yet is it not fit for common Uſe, becauſe it can 
bnly ſhew the extreme minute V ariations of the Air's 
Gravity for the preſent Time, by reaſon it is affected by 
| the Heat as well as Weight of the Air. While the 
Degree of Heat remains the ſame, nothing can exceed 
this Inſtrument as a Barometer ; but as the Heat of the 
Air varies; ſo will the Elaſticity of the included Air, 
| which therefore will caufe the Inſtrument to vary its 
Gravity, while that of the Air remains the ſame, and ſo 
cannot be of conſtant Uſe. : 
19. I have already hinted that the Common Baro- 
: meter, after all, is the beſt inſtrument to meaſure the 
Air's Gravity ; which that it may do to the greateſt 
Perfection; the following Things are neceſſary. (1.). 


f That the Tube be at lealt of 4 of an Inch Bore; 4 0 
1 an Inch is a good Sizr: (2.) The Tube ought to be 
i new, clean, and dry within when fill'd. In order to 
2 this, the Tube ſhould be hermetically ſealed at both 
© Ends at the Glaſs-Houſe when made; one End of 
f which may be cut off with a File when you intend to 
- uſe it. (3.) The Diameter of the Ciſtern that holds 
e the Mercury, in which the Tube is immerſed, ſhould 
4 be as large as conveniently may be, that the Mercury 
t therein may have _— at all times the fame Altitude ; 
- otherwiſe the Index will not be true. (4.) The Mer- 
g cury muſt be very pure, and free fror any Mixture of 
8 Tin, Lead, or other Metal. (5. ) It ought to be purged 
e from Air entifely, as it may be by boiling it, and fill- 
e ing the Tube with it while boiling-hot nearly. (6.) 
r The Tube muſt be heated hot when fill'd, to avoid 
e breaking by the boiling Mercury. (7.) It ſhould be 
e tubb'd very hard, to excite the Electric Virtue, which 
e will expel the Particles of Air from the Surface within. 
I, (8.) There ought to be a Nonius (as it is call'd) ap- 
IC plied to the Index of the graduated Plate, to meaſure 
le more accurately the Riſe and Fall of the Mercury. | 
0 20. This Artifice is of ſingular Uſe in this and many 
e other Caſes, It bears the Inventor Vonius's Name, and 
n its Nature and Manner of applying it is as follows. . 
AB is the upper Part of the Barometer, in which the Plate 
Ti Surface of the Mercury is at C. FG is the ufual XXVII. 
y Plate of 3 Inches Extent, from 28 to 31; and DE is Fig. 10. 
I, i 2 the . 


A 
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the ſmall Plate call'd the Nonius, ſo contrived as to 
ſlide by the other in ſuch Manner that its Index D may 
be always ſet on one Part to the Surface of the Mer- 
cury, and on the other End pointing to the Diviſion 
in the Scale of Inches correſponding thereto. Again, 
the Nonius is divided into 10 equal Parts, which to- 
gether are equal to 11 of the Diviſions of the Scale; 
that is, DE = 11 Tenths of an Inch; and conſe- 
quently each ſmall Diviſion of the Nonius is equal to 
1,1; two of them to 2,2; three of them to 3, 3; and 
ſo on. Whence tis eaſy to obſerve, that if the Index 
D points between any two Diviſions of the Scale, as 
here between 29,7 and 29,8, we need only look back 
to ſee what Diviſion of the Nonius coincides with a 
Diviſion of the Scale, and that will ſhew how many 
Tenths of a Tenth, that is, how many 'Tenths e 
29,7 in the preſent Caſe: But you obſerve the Nontus 
coincides with a Diviſion of the Scale at the fifth Di- 
viſion ; conſequently, the Mercury ſtands at 29,75 
Inches in the Scale; and ſo you proceed with the 
greateſt aſe to the hundredth Part of an Inch, which is 
a great Degree of Exactneſs. | 
21. From what has been faid we may eaſily ſee the 
excellent Uſe of the Barometer in meaſuring the Heights 
of Places, as Mountains, Towers, Sc. For ſince (as 
we ſhall ſhew) the ſpecific Gravity of Air (ſuch as is 
near the Earth's Surface) is to that of Mercury as 1 to 
12040, tis plain 12040 Inches of Air in Height will 
balance one Inch Height of Mercury; conſequently, 
1204 Inches, or 100 Feet, anſwers to ;% of an Inch of 
Mercury. Therefore if a good Barometer be carried to 
the Top of a Mountain, or other high Place, the Mer- 
cury will ſubſide near One- Tenth of an Inch for every 
100 Feet of perpendicular Aſcent, and fo will be a pro- 
per Index of the whole Height aſcended. | 
22. But ſince Mercury is not quite 14 times heavier 
than Water, the Number 12040 is ſomewhat too large, 
and therefore a leis Height than 100 Feet will anſwer to 
is of an Inch Deſcent of Mercury in the Barometer ; 
and what that is will be ſhewn from the Experiments 
_ by Dr. Nettleton very exactly, as in the Table 
elow. 
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Altitude of 8. 


— — ; 
H,. ight. Bottom. Top. Difference. for c. 
Tower of Halifax 102 — 29,578 — 29,66 — 0,12 — 85 


| Coal Mine 140 — 29,48 — 29,32 — 0,16— 87 


Another, ditto 236 — 29 50 — 29,23 — 0,27 — 87 
A ſmall Hill 312 — 29,81 — 29,45 — 0,30 — 86 
Halifax Hill 507 — 30,00 — 29, 45 — 0,55 — 91 


23. Having the Height to which the Mercury will 
ſtand at any one Elevation, it is eaſy to find at what 
Height it will ſtand at any other propoſed. For ſince 
the Denſity of the Air decreaſes in a Geometrical Ratio, 
as the Altitudes increaſe in an Arithmetical one, the 
latter will be as the Logarithms of the former recipro- 
cally : But the Weight of the Air is as the Denſity, 
and the Height of the Mercury in the Barometer is as 
the Weight, therefore the Elevations are as the Loga- 
rithms of the Height of the Mercury reciprocally; and 
conſequently, if we take 30 Inches for the Standard 


Altitude, and 85 Feet for the Altitude requiſite to make 


it fall 1 of an Inch; then by ſaying, As the Logarithm 
of — is to 85, ſo is the Logarithm of 255 to the 


9 
Elevation which will make it fall I an Inch; and fo 
for any other. . 


24. After this Manner, the Doctor has computed the 


following Tables. 


K 3 A TABLE 
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- _ f * 7 
A TABLE ſhewing the 8 A TABLE ſhewing the 
ber of Feet aſcenging, re Number of Feet re: 
wired to make the Me: cury|| quir'd to make the Mer- 
ll to any given Height in curyfall One-Tenth of 
the Tube, from zo to 26 an Inch from any gt 
Inches. As alſo the Number ven Height in the 
of Feet deſcending, requir'd|| Tube, trom 34 to 26 
- | to make the Mercury riſe Inches. : 
from 30 to 31 Inches. 
FF FFB 
& 5 3 3 S{{S 312 3]8 8 
31 9 834 7923 41395 331 98832 266 489 87 
30 9 752 53]28 31485 13130 90 53/28 3% 13 
39 8 670 01028 2/1575 26030 882 79j28 2650 4 
39 7 587 2108 11665 70030 783 06/28 10 7 
* 39 6 504 15128 94756 4730 683 3328 olgr og 
30 f 420 82% 911847 55/30 583 61/27 9.9! 42 
30 4, 337 2127 81938 970 4/83 89/27 80% 75 
39 3 253 32½7 712930 721130 3154 16/27 7.92 0 
39 2| 169 10j27 62132 8030 284 44/27 6092 41 
30 10 84 727 52215 2100 1184 72027 5002 74 
0 00 00 ocſz7 4/2307 95130 0% 6% 43 07 
29 / 85 ooſz7 312401 2/9 985 2927 3193 ol 
29 8| 179 29j27 2/2494 449 985 $8 27 2003 7 
29 7 255 87 27 12558 201129 718 627 194 12 
29 6 341 73/127 002682 33029 6086 1627 0004 4 
34* 73 | ö Ben 94 47 
29 f 427 8926 92776 80/9 5186 45/26 904 82 
2 26 82871 620/29 4186 74/26 1 
9 4 $14 34 20 7 895 17 
29 3| boi 0826 7/2966 7929 3187 03026 7195 $3 
29 2| 688 11026 63062 3229 2187 33126 95 8g 
29 1| 775 44/26 513158 211129 187 63]:6 596 25 
. [29 © 863 08026 43254 46 29 0187 93026 4/96 01 
28 9 951 01.26 3/3351 072 98 24/26 3096 98 
28 81039 25026 23448 05 28 8088 5526 297 36 
28 711127 80/26 113545 41028 7/38 86/26 17 73 
28 6{j1216 66026 003643 14028 6689 1726 098 10 
28 5/1305 83 | as 5/89 4gl | 
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s blown Bladder, and many others on the 
Air-Pump. (LXXX VII.) 


By 


(LXXXVIII.) 1. That we may here exhibit a plain 
and clear Idea of the Force with which the Particles of 
Air repel one another, *twill he neceffary to proceed in 
the following Manner. If in any Diſtance A B, there plate 
are placed any Number of Particles at equal Intervals XxVIII. 
from one ano her; and in any other equal Diſtance Fig. 2. 
C D, there are placed twice as many Particles at equal 
Intervals alſo ; *tis plain the Intervals between the Par- 
ticles in C D will be but half ſo great as thoſe between 
the Particles in the Line A B. Hence the Number of 
Particles in any equal Parts of A B, C D, will be in- 
verſely as their Diſtances from each other. Or, if we - 
put N = Number of Particles, and*I = to the Inter- 


val between each ; then will N be always as — for 


Lines, or linear Dimenſions. 
2. But for Superficies, ſince they are as the Square 


of their like Sides, we ſhall have N* as IE and in like 
Manner, ſince Solids are as the Cubes of their like 


Sides, we ſhall have N? as — But N* is as the Den- 
ſity of the Superficies,; and N? as the Denſity of the 
Solid; conſequently the Denſity D, of a Superficies of 
this Sort, is as — and of a Solid as _ And to faci- 
litate the Idea, let A B C be a Superficies of ſuch Par- Fig. 3. 
ticles, equal to a Square Inch; and D F a Solid of a 
Cubic Inch. | 80 

3. Next let it be ſuppoſed that each of theſe Par- 
ticles repels thoſe, and thoſe only, which are next to it z- 
and let this repulſive Force (F) be inverſely as the n 
Power of the Interval I, between the Centres of two 


adjacent Particles that is, let F be as 75 Hence *tis 


maniſeſt ſuch an Aſſemblage of Particles muſt conſti- 
K 4. - tute 
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By reaſon of the Spring of the Air, its 
DENSsIT V muſt be always different in diffe- 
rent Altitudes from the Earth's Surface ; 
for the lower Parts of the Air, being preſ- 
ſed by the Weight of the ſuperior Parts, 
will be made to accede nearer to each 

; 8 7 5 other, 


tute an elaſtic Fluid, or ſuch an one as, when compreſ- 
ſed, or acted upon by any external Agent, will, by 
virtue of its innate repellent Power, re- act or make 
Reſiſtance with an equal Degree of Force. | 
4. Now the Force of the 4 Caring Parts is as the 
Denſity D, and the repellent Force F between two 
Particles, conjointly, or as DXF; but D is as 8 and 
: 1 bs 208 . x. I 
F is as TY, wherefore D x F is * ER H n 
which therefore will expreſs the elaſtic Force of the 
Fluid. Now the Denſity D of the Fluid in the Cubic 


Inch is as df whence I* D is as 1, II as 5⁵ and I as 


which ſubſtituted for I in the Expreſſion of the 


elaſtic Force Err, gives D — ; that is, the elaſtic 


or compreſſive Force is as the Cube Root of that Power 
of the Denſity, whoſe Index is 1 2. 
5. Hence if E the elaſtic Force be as the Denſity D, 
in any Fluid ; then the general Expreſſion D Nag > 
| 2 | wad 3 
becomes E 8 whence in that Caſe — g 1, and 


fon+2=3 and n=1, Conſequently, in ſuch a Fluid 


F is as T> or the Particles repel each other with Forces 


that are reciprocally proportional to the Diſtance of 
q then is the Property of the Air, 

* 
wholg 


their Centres. Suc 


ER n 
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other, and the more ſo as the Weight of 
the incumbent Ar is greater; and hence 
we ſee the Denfity of the Air is greateſt ar 
the Earth's Surface, and decreaſes upwards 


in Geometrical Proportion to the Altitudes 
taken in Arithmetical Progreſſion. Now it is 


found that the Air 1s four Times more rare 
at 


whoſe Denſity is. always proportional to the Force 
which compreſſes it, which is alſo proved by the fol- 
lowing Experiment, 5 

6. Let Mercury be poured into an inflected Tube 
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AB CD, open at both Ends, to a ſmall Height, as BC. Plate 
Then ſtopping the Orifice D very cloſe with a Cork or XXIX. 
otherwiſe, meaſure the Length of confined Air DC very Fig. 4 


me and pour Mercury into the other Leg AB, till 
its Height above the Surtace of that in CD be equal to 
the Height at which ir ſtands in the Barometer. Then 
it is plain the Air in the ſhorter Leg will be compreſſed 
with a Force twice as great as at firſt when it poſſeſſed 
the whole Space CD; for then it was compreſſed only 


with the Weight of the Atmoſphere ; but now it 1s 


compreſs'd by that gs 1 and the additional equal 
Weight of a Column of Quickſilver. Let E be now 


the Surface of the Mercury in the Leg CD, and upon 


meaſuring D E, the Space into which the Air is now 
compreſs d, it will be found to be juſt half the former 
Space CD, that is, DEA DC. 

. Hence it appears that the Spaces S=DC, and 
2D E, which a given Quantity of Air poſleſles, under 
different Preſſures p and P, are as thoſe Preſſures reci- 
procally ; that is, S: 5:: P: p. And becauſe the Denſities 
d, D, where the Quantity of Matter is given (Az. LVI. 
9.) are reciprocally as the Magnitudes of Bodies, vix. 
d: D:: 5: 8; therefore the Denſities of the Air are as 
the compreſſing Forces directly, viz. G: D:: Pp: P. 


This / Property of the Air is the Principle to which we 


owe the Invention and Contrivance of ſeveral very 2 
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at the Height of ſeven Miles than at tho 
Earth's Surface; and therefore at the Al- 
titudes of 7. 14. 21. 28. 35. 42. 49. Sc. 
the Rarity of the Air will be 4. 16. 64. 
256. 1204. 4096. 16384. Sc. 
Ir the Air were of an equal Denſity 
throughout, the Height of the Atmoſphere, 
might 


ful Inſtruments and Machines, ſome of which I will 
exhibit here, and others in the Sequel of this Work. 
8. We have ſhewn in the laſt Annotation, that the 
Preſſure of the Air, in its State of Mean Gravity, will 
ſupport a Column of Quicktilver to the Altitude of 293 
Inches; and (in Annotet. LXIII.) it was ſhewn that the 
ſpecific Gravity of Mercury was to that of Water, as 
14 to 1 nearly; therefore the ſaid Mean Preſſure of 
Air will ſuſtain a Column of Water to the Height of 
14 * 29,5=413 Inches=34 Feet 5 Inches, But ſince 
ercury is not quite 14 Limes as heavy as Water, we 
may take 400 Inches for the Meaſure of the Mean Gra- 
vity of the Air on Water, and 29,5'for Mercury; and 
then we ſhall have DC: DE:: P: 29,5 in Mercury; 
or DC: DE:: P: 400, ia Water; conſequently 400 
DC=DExXP. N 
9. Again, let the Standard Altitude of Mercury or 
Water be H= 29,5 or 400, and let the Altitude F G= 
5; then will PSH+h, and then the above Equation 
will give this Analogy: As S:s:: HY: H, whence - 
S:S—5::H:horDE:EC::H: Y; conſequently, 
by having DE or CE given, you know the Altitude 
„FG. Thus for Example: Let DC=10 Inches, 
it is required to find what Altitude of Water FG will 
by «ts Preſſure raiſe the Surface at C one Inch? Here CE 
I, DE =9, and H=400: Then DE: CE :: H: b, 
that is, 9: 1 :: 400 44, 4; or FG=44 & Inches near- 
ly, or 3 Feet 84 Inches. Thus again, Query the Al- 
titude FG that ſhall faiſe the Surface C 9 Inches, or 2g 
of the Whole? Say, As 1:9 :: 400: 3boo=F G, or 
300 Feet. Thus the Altitudes are found for every 
er Part of the whole Space D C, as in the following 
able. 


Feet. 
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might be determined; for by Experiment 
we find the Length of a Column of Air 72 
Feet high is equal in Weight to ane Inch of 
Water of the fame Baſe : Hence the Dea- 
ſity of Air is to that of Water as 1 to 864, 
It is alſo found by Experiment, that the 
Weight of a Column of Air the Height of 
che Atmoſphere will be equal to the Weight 


of 
Feet. Inches, Feet. Inches. 
ee 8 6 —— 50 0 
2 IV 4 1 7828 
1— 11 2 22134 
Ran 9 — 300 0 
35 1 033: 4 


10 Hence is deduced the Nature and Structure of 
the SEa-GaAGE, invented by Dr. Hales, and Dr. Deſa- 
guliers ; whoſe Deſcription thereof I ſhall here give. AB 
is the Gage-Bottle, in which is cemented the Gzge- Plate 
Tube F f in che Braſs Cap at G. The upper End of XXIX. 
the Tube F is hermetically ſealed or cloſed ; the open Fig, 5. 
lower End f is immerſed in Mercury C, on which 
ſwims a ſmall Thickneſs or Surface of Freacle. On 
the Top of the Bottle is ſcrew'd: on a 'Tube of Brafs: 
H G, pierc'd with ſeveral Holes to admit the Water 
into the Bottle AB. The Body K is a Weight hang- 
ing by its Shank L, in a Socket N, with a Notch on 
one Side at , in which is forced the Catch / of the 
Spring 8, and paſling thro? the Hole L in the Shank of 
the Weight K, prevents its falling out when once hung 
on. On the Top, in the upper Part of the Braſs 
Tube at H, is fix'd a large empty Ball, or full-blown 
Bladder F, which muſt not be ſo large, but that the 
* K may be able to ſink the Whole under 

ater. | 

11. The Inſtrument thus canſtructed, is uſed in the 
following Manner. Ihe Weight K being hung on, 
i , Von 1 | 0 , the 
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of a Column of Water of the fame Baſe, . ll - 

and 32 Feet, or 384 Inches high : Where- 

fore 864 multiplied by 384 will produce 

331776 Inches, or a little above 5 Miles, 

for the Height of the Atmoſphere, were 

the Denſity every where the ſame as at the 

Hank, :2[% -ef.-1; | FM 
| Bur 


the Gage is let fall into deep Water, and ſinks to the 
Bottom; the Socket N is ſomewhat longer than the 
Shank L, and therefore, after the Weight K comes to 
4 the Bottom, the Gage will continue to deſcend, till 
the lower Part of the Socket ſtrikes againſt the Weight; 
this gives Liberty to the Catch to fly out of the Hole L, 
and let go the Weight K; when this is done, the Ball 
or Bladder inſtantly buoys up the Gage to the Top of 
the Water. 
12. While the Gage is under Water, the Water 
having free Acceſs to the Freacle and Mercury in the 
Bottle, will by its Preſſure force it up into the "Cube Ff, 
and the Height to which it has been forced by the greateſt 
Preſſure, v:z, that at the Bottom, will be ſhewn by 
the Mark in the Tube which the Treacle leaves behind 
it, and which is the only Uſe of the Treacle. This 
ſhews into what Space the whale Air in the Tube Ff 
is compreſs'd ; and png, by the Rule (in Art. 
9.) the Height or Depth of the Water, which 2, its 
Weight produced that Compreſſion, which is the Thing 
required. | | 
13. If the Gage- Tube F f be of Glaſs, a Scale 
might be drawn on it with a Point of a Diamond, ſhew- 
ing, by Inſpection, what Height the Water ſtands 
above the Bottom, which Scale is made from the Num- 
bers in the foregoing Table, where the Diviſion may 
be made for Hundredth Parts, as well as Tenths. But 
the Length of 10 Inches is not ſufficient for fathoming 
Depths at Sea, ſince it appears by the Table, that 
when all the Air in ſuch a Length of Tube is _— 


* 
* 


- 
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But fince the Denſity of the Air de- 
creaſes with the Preſſure, it will be more 
rarefied and expanded the higher we go; 
and by this Means the Altitude of the At- 
; moſphere 


ſed into half an Inch, the Depth of Water is not more 
than 634 Feet, which is not half a Quarter of a Mile. 

14. If to remedy this we make Uſe of a Tube 50 
Inches long, which for Strength may be a Muſket-Bar- 
rel, and ſuppoſe the Air compreſſed into an 100dth 
Part, or Z an Inch; then by ſaying, As 1 : 9g :: 400 
: 39600 Inches, or 2300 Feet; even this is but little 
more than half a Mile, or 2640 Feet. But ſince tis 
reaſonable to ſuppoſe the Cavities of the Sea bear ſome 
Proportion to the mountainous Parts of. Land, ſome of 
which are more than three Miles above the Earth's Sur- 
face ; therefore to explore ſuch great Depths, the Doc- 
tor contrived a new Form for his 2 or rather 
for the Gage- Tube in it, as follows. BC D F is a Plate 
hollow metalline Globe, communicating on the Top XXVIII. 
with a long Tube A B, whoſe Capacity is 3 Part of that Fig. 6. 
of the Globe. On the lower Part, at D, it has alſo a 
ſhort Tube D E, to ſtand in the Mercury and Treacle. 
The Air contain'd in this compound Gage- Tube is 
compreſs'd by the Water, as belore ; but the Degree of 
Compreſſion, or Height to which the Treacle has been 
forced, cannot here be ſeen through the Tube: 'T here-, 
fore to anſwer that End, a ſlender Rod of Metal or 
Wood, with a Knob on the Top, muſt be thruſt up 
tothe Top of the Tube AB, which will receive the 
Mark of the Treacle, and ſhew it when taken out. 

15. If the Tube A B be 50 Inches long, and of ſuch 
a Bore as that every Inch in Length ſhould be a Cubic 
Inch of Air, and the Contents of the Globe and Tube 
together 500 Cubic Inches; then, when the Air is 
compreſs'd within 100dth Part of the Whole, it is 
evident the Treacle will not approach nearer than 5 
Inches of the 'Top of the Tube, whieh will agree to 
the Depth of 3300 Feet of Water, as above. Twice 
this Depth will compreſs the Air into half that Space 
nearly, 
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moſphere becomes indefinite, and tetmi- 
nates in pure Miber. But though we can- 
not aſſign the real Altitude of the Atmoſ- 
phere, it is certain from Obſervations and 


Expe- 


nearly, viz. 24 Inches, which correſponds to 6600 
Feet, which is a Mile and a Quarter. Again, half 
that Space, or 1T Inch, will ſhew double the former 


Depth, viz. 13200 Feet, or two Miles and a half; 


which is probably very nearly the greateſt Depth of the 


Sea. : | 
16. A Gage of this Kind may be of very great Uſe 
in many other Caſes. Thus the prodigious Force of 


Compreſſion ariting from Freezing may be accurately 


tried: Let a Bomb of caſt Iron fix or eight Inches Dia- 
meter, and about one Inch thick, be fill'd with Water 
then if a ſmall Gage of this Sort be made and fix'd to 
a Stick, which is to be ſet upright in the Middle of the 
Bomb, ſo that the Gage-Bottle may be in the central 
Part; and if then the Hole of the Bomb be faſt ſcrew'd 
up, the Bomb covered over with a freezing Mixture 
(which is made of equal Quantities of Salt and Snow; 
or pounded Ice) in a little Lime the Water will begin 
to freeze all round the Inſide of the Bomb, and by its 
Expanſion will produce a greater Force upon the Water; 
and a greater 8 of Compreſſion of the Air of 
courſe, than by any other Means yet known : And 
this may be continued till it ſhall burit the Bomb, when 
the Gage taken out of the globular Shell of Ice (for the 


Water will be frozen only on the Outſide) will fhew the 
exact Quantity of this Force of Compreſſion. 


17. Doctor Hales (the Author of this Contrivance) 
actually made the Experiment, but not having well ſe- 
cured the Gage, it was broken to Pieces; but from 
computing the Force neceſſary to burſt an Iron Bomb 
an Inch thick, it appeared that this Force was about 
equal to 1340 Atmoſpheres, or the Prefiure of 1349 


times the Weight of 33 Feet of Water. But this 


Computation was made upon Suppoſition that the Co- 


heſion of caſt Iron is the fame with that of een 3 
ut 


—: ao tos Ls 


c ms. fon = a. 
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Experiment, that 45 or 50 Miles is the 
utmoſt Height where the Denfity is ſufficient 
to refraft a Ray of Light ; and therefore 
that may be eſteemed the Altitude of the 
Air to the leaſt ſenſible Degree of Denſity. 
(LXXXIX.) 


SINCE 


but as it muſt be conſiderably leſs, ſo the Number 1340 
may be diminiſhed to 1000; and then the Air muſt be 
compreſs'd into 1000 Times leſs Space than it had in 
its natural State, and muſt in that Caſe have been more 
denſe than Water: For its Denſity then to that of com- 
mon Air was as 1000 to I ; whereas the Denſity of Water 
and Air are but as 860 to 1. 

18. After the ſame Manner may be tried the Force 
with which dried Peas, Beans, &c. expand with Moi- 
ture, when confined in a Bomb; for it muſt be a ver 
ſtrong Veſſel indeed, ſince it has been found by Expe- 
riment they will burſt a Gun-Barrel in ſwelling. In 
like Manner alſo the elaſtic Force of faCtitious Air ge- 
nerated from Bodies by Fermentation may be eſtimated 
in a very nice and entertaining Manner : With man 
other Things of this Sort, which the ingenious Reader 
will readily excogitate of himſelf. 

(LXXNXIX.) 1. The IDenfity of the Air on one 
Hand, and the Rarity on the other, are both limited : 
No Condenſation can reach ſo far as to cauſe a Penetra- 
tion of Parts; the utmoſt Limit, therefore, of Denſity, 
muſt be a perfect Plenum, or a given Quantity of Air 
reduced into a Space abſolutely full, or without any 
Pore; which is a Degree of Denſity that has not been, 
aps 3 never will be, in che Power of Art to 
effect. 

2. On the other Hand, the Rarity of the Air cannot 
gre ad infinitum, but has its Limit from its Gravity : 

or though the Rareſaction of the Air be ſtill greater as 
the Diſtance from the Surface of the -Earth increaſeth, 
its Spring at length will be {6 weaken'd, that the Force 
by which the Particles tend upwards from thoſe next 

below 
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SINCE the Gravity of the Air is ſo vas 
rious, that at one Time it will ſuſtain a Pil- 
lar of Mercury 31 Inches high, when at 
another it will raiſe it but to the Height of 

28 Inches, 


below them, will be leſs than the Force of Gravity by 
which they tend downwards. The Rarefaction of the 
Air muſt therefore be bounded, where theſe two oppo- 
ſite Forces come to balance each other. 

3. Now though we cannot poſſibly define the Limits 
of the Atmoſphere, yet we may ſtill inveſtigate how 
much the Air is rarefied at any propoſed Altitude above 
the Earth's Surface : For doing which, ſeveral Methods 
have been propoſed ; ſome of which are very tedious, 
and difficult to be underſtood. I ſhall here illuſtrate Sir 
Hjaac's Theorem for that Purpoſe, which is very conciſe 
and plain. It requires only two different Denſities of 
the Air, at two given Altitudes above the Earth's Sur- 
face, to be known, and which we eaſily obtain by Ex- 
periment as follows. 

4. Take a Vial AE FB, fill'd Two-Thirds full of 
Water to CD; in which let a long Tube 1 G (open 
at both Ends) be immerſed, and cloſely cementcd to 
the Vial at A B, fo that none of the included Air may 
eſcape. This done, blow a little Air through the 
Tube into the Vial, which increaſing the Spring of the 
contained Air, will cauſe it to raiſe and ſupport a Co- 


lumn of Water in the Tube, to ſuch a Height E, that 


its Weight, together with that of a Column of Air 
preſſing on its Surface H, is equivalent to the increaſed 
dpring of the confined Air, 

5. The Vial and Tube thus prepared are to be car- 
ried up to the Lop of a Tower, Mountain, or ſome high 
Place ; and in the Aſcent, fince the Column of Air 
preſſing on the Water at H is conſtantly ſhortened, fo 
its Force of Preſſure will be diminiſhed. The Spring 
of the Air in the Vial will therefore keep the Column 
of Water conitantly riſing in the Tube; ſo that when 

ou have aſcended the Height of about 72 Feet, the 

Vater in the I ube will have riſen from H to L, * 

| | | GED e 
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28 Inches, in the Barometer ; it follows, 
that we may take 291 Inches of Mercury 
for the Mean Altitude, and conſequently its 
Weight for the Mean Werght of a Pillar of 

Air 


the Space of one Inch; and fo in Proportion for any 
other Altitude, as I have ſeveral Times found by trying 
the Experiment. | 
6. From hence it appears, that the Altitude C. one 
Inch of Water is equivalent to the Altitude of 72 Feet, 
or 864 Inches of Air; and therefore the pecile Gra- 
vity of Air is to that of Water as 1 to 864, or, as Sir 
Iſaac has ſtated it, 860. Now ſince the ſpecific Gra- 
vity of Water is to that of Mercury as 1 to 14, there- 
fore the ſpecific Gravity of Air to that of Mercury will 
be as 1 to 860 x 14. 12040; and ſince the Height of Mer- 
cury ſupported by the Air in the Barometer is 2,5 Feet ; 
if we ſay, AS 1 : 12040: : 2,5: 2,5 K 12040 g 30100 
Feet, which would be the Height of the Air were it 
every where as denſe as at the Earth, or about 53 Miles. 


7. But ſince the Air is not uniformly denſe, we muſt 


ſeek its Height by another Method to be taught by and 
by. In the mean time, as the Air's Denſit . 
decreaſes, we ſhall ſhew how to find the Ratio of its 
Denſity at any Altitude to that at the Earth's Surface. 
'I'bus, ſince the Denſities are as the compreſſing Force, 
which is as the Altitude of the incumbent Column of 
Air, and fince the Weight of Mercury is to Water as 
1 to 14, it is plain that the Air which ſupports a Co- 
lumn of Mercury 2,33 Feet, will! ſuſtain a Column of 
Water to the Height of 33 Feet. The Denſity on the 
Earth's Surface then is as 33. 

8. Again; it is evident, fince 860 Feet Altitude of 
Air is equal in Weight to 1 of Water, therefore at the 
Height of 860 Feet above the -Earth, the Air ns 
nuing in the ſame State) would ſuſtain only 32 Feet of 
Water. At the Height therefore of 860 Feet, the Den- 
lity of the Air is as 32. | 

9. Hence the Denſity at any other Altitude is eaſily 
found by the Hyperbola f a i A and its Aſymptotes S F 
and 8 S being the Centre of the Earth, and A its Sur- 
face: Then the Earth's Semidiameter S A = 4000 

Vor. II, L Miles 
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Air of the ſame Baſe. But a Column of 
Mercury whoſe Baſe is one Square Inch, and 


Altitude 291, weighs about 15 15. which is 


equal to the Preſſure of Air on every 
Square Inch; and therefore upon every 
Square 


Miles nearly, or 21120000 Feet. Take AB = 860 
Feet, and let the Denſity of the Air be required for any 
other Height, as AC = 7 Miles, or 36960 Feet. In 
the Points, A, B, C, erect the Perpendiculars A H, 
BI, CK, which let be made proportional to the Den- 
ſities of the Air in the Points A, B, C; that js, let 
AH: BI:: 33: 32, and AH: CK :: 33: x; and 
from the Points H, I, let fall the Perpendiculars H t, IA. 

10. Then putting SA Ag gr, SB=a, SC ö, and 


SB: SA:: Aa: Bl, thus Ce ===; then Aa = 


ar—r Yr b rr r 


Bb = 7 and A e — And put m: 


u:: 33: 32: : AH: BI; then by the Nature of the 
Hyperbola, we have the Area this as the Logarithm 


of act and the Area th A w as the Logarithm of 27; or 
81 | 8 


the Area thiu:thkw:: . — L. —. But (by 
Corell. to Prop. XXII. Lib. 2. of the Principia) it is 


thiu: thR U: : Aa—Bb: A- Cc: — 5 


bre „r OG=—r -e 


F 
11. Now, becauſe a—r = AB = 860, and ö = 


3 e A Sor 
A C = 36960, we have ER 


L.= L. =; whence we have L. = cents © 7 © es apt 


therefore L. m—L.x = 0,573190; whence L. m— 
0,573190 = L. x = 0,945324, the Number anſwering 
to which is 8,817 =x & CK, the Denſity required. 
Or, the Denſity at A is to the Denſity at Cas AH to 
CN, cr as 33 to 8,817, which 1s nearly as 4 to 1, 
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Square Foot it will be 2160/6, ; and al- 
lowing 144 Square Feet for the Sur- 
face of the Body of a middle-fized Man, it 
muſt ſuſtain a Preſſure of 31320 Pounds, 

or 


12. From the Nature of the Hyperbola it is plain, 
the Denſities m, n, x, muſt be in a Geometric Pro- 
greſſion. But to thew theſe Things more generally: 
Let SC = x be a variable Diſtance, and its Fluxion 
CE = x; let the Denſity CK = y, the compreſſing 
Force in the Altitude C as v, and the Power of Gra- 
vity as g. Then will the ſpecific Gravity of the Air 
be there as gy ; for it will be as the Denſity y when the 
Gravity g is given, and as the Gravity when the Denſity 


is given: and when neither is given, it will be conjoint= * 


ly as both, 

13. Since the whole Weight or Preſſure of a Column 
of any homogeneous Fluid, of an uniform Denſity, is as 
its ſpecific Gravity multiplied by its Magnitude, (by An- 
notat. LVI. 10.) and if the Baſe be the ſame as the ſaid 
Gravity multiplied by the Altitude, and therefore its 
Fluxion as the ſpecific Gravity multiplied by the Fluxion 


of the Altitude; therefore we have gyz = , be- 


cauſe the Denſity of the Air thro” the very ſmall Space 


CE may be look'd upon as uniform ; and fince the Preſ- 
ſure decreaſes as the Altitude x increaſes, therefore it is 
that we make the Fluxion of it negative, viz. —v. 


14. If the Gravity g be as —, and the Denſity y as 
any Power n of the compreſſing Force v, vix. if : v, 
and therefore v 577 by taking the Fluxions we have 


1— 


"MN 5g . 
=; 32. In the Place of g and < in the Equa- 


tion g y x =, let their Values be ſubſtituted, and we 


1— 

1 wh 0 — 8. 

bare -/ 1422 
xn 


n 
15. If we put n 1, that is, if the Denſity be as the 


a— 
com refling Force, we have © * Now, ſince 
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Gravity. This prodigious Force would 
cruſh 


any Quantities x, x+a, x+ 24, x + 3a, in Arithmeti- 


cal Progreffion, have all their Fluxions equal and 'the 


3 . 5 Fog I 
ſame, viz. &; therefore if any Quantities N be ta- 


—— 1 X x 


ken in ſuch a Progreſſion, their Fluxions 
or = will be all the ſame or conſtant ; therefore 


2 — = = 1 ; conſequently y: y, that is, the F lu 
ions of the Denſities are as the Denſities themſelves; 
which therefore are in Geometrical Progreſſion, as is 
manifeſt from the Doctrine of Fluxions. 

16. If in the fame Hypotheſis you put m=1, or ſup- 
poſe the Gravity to be every where uniform, or given; 


then 2 = . If now we take — conſtant, or make x 


7 * 
: x, then will the Diſtances x be in Geometrical Progreſ- 
ſion; and in that Caſe alſo we have — = 1, ory: y; 


whence alſo the Denſities y are in Geometrical Progreſſion, 
; 1-27 


17. The Fluent of the above Equation — 12 


— X — — | | | ; 
2 = = —— #*=* + Q, a conſtant Quan- 


tity. Here, 'tis plain, it cannot be 1 = 0, for then 


yo = Infinite; nor can m = 1, becauſe then it would 
be 41=-nx0 = 1, and ſo the Denſity y would be every 
where the ſame, or conſtant ; neither can 2 = 1, for 
"IK > 2&4 0 | 


then yn =y"n = „ To determine the Value of 


we muſt firſt define the Altitude 8 F, where the Denſity 
vaniſhes, or y=0, and call it 228 F; then we have Q 
| ITS 42. 12, 
Jn I — POR. 


—1 
ain; and hence 


1— 1 OM 
where 
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eruſh us into a very ſmall Compaſs, were it 
not that it is equal on every Part, and coun- 
| terbalanced 


where tis plain — ought to be a poſitive Number, 


and leſs than Unity, that while the Diſtances x increaſe, 
the Denſities y may decreaſe, | 
18. If the Altitude at which the Denſity y vaniſhes 
be ſuppoſed infinite, then Q , and the Equation is 
122 


— — 


1 — 


— Y — 
1— MT 

d x =Infinite, then 
17.) y = 6, and x =Infinite, —_— —— 


g1=m x1i-n 2 
=———, and ſo a=x= Infinite, con- 


trary to Suppolition. a 
19. If now the Gravity be reciprocally as the Squares 


of the Diſtance, or m = 2, we haye the Equation 
17 gz 


therefore 


1—7 m—1 | I — 7 x 4 


whence y will be reciprocally as x*—1, which is a general 
Formula for any Hypotheſis of the Ratio of the com- 
prefling Power and Denſity. Thus, if you ſuppoſe the 
compreſſing Force in the duplicate Ratio of the Den- 
fity, that is, y*: v; then y=v4, and n=4, and there- 


fore — =, whence y will be reciprocally as x. 


Hence all thoſe Caſes of Scholium to Prop. XXII. Lib. I. 
of the Principia are derived, and any others at Pleaſure. 
20. The Denſity of the Air decreaſing indefinitely, 
it is evident there is no certain Limit or Boundary of the 
Atmoſphere, which gradually rarehes into pure Æther 
or Aura, as it is often called. But fince one principal 
Effect of the Air is the Refraction of Light, and fince 
the Particles of Light are the ſmalleſt Bodies we know 
of in Nature, tis reaſonable there to fix the Bounda 
of what we may properly Ig Air, in the Altitude where 
| 1. 3 it 


xi—m, For if in the Equation (Art, 
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terbalanced by the equal Re- action of che 
Spring of the Air within us. ( XC.) 
| 1 : | TH E 


it begins to have the Power of producing this leaſt Ef- 
Plate fect in Nature, viz. the refracting a Ray of Light. 
XXIX 21. To diſcover this Altitude of the Air, we have 
* the following Method. Let A D F be the Surface of the 
Earth, S the Sun below the Horizon, S Ba Ray of 
: Light touching the Earth; which is reflected by a Par- 
ticle of Air, in the higheſt Part at B, in the horizon- 
tal Line BA to a Spectator at A. The Angle S BN 
is tke Depreſſion of the Sun below the Horizon in this 
Caſe, which, becauſe it is at the Moment Twilight 
ends, is known from Obſervation to be about 18 De- 
grees. But becauſe BA is alſo a Tangent, the Angle 
k ACD =SBN = 18 Degrees; and the Angle A CB 
= ZACD So Degrees; which would be true, did 
the Ray S B paſs through the Atmoſphere without Re- 
fraction; but becauſe it does not, but is refracted or bent 
towards , the Angle A C B muſt be diminiſhed by 
the horizontal Refraction, which is about haif a De- 
gree ; whence the Angle A CB =8? 300. 
22. Therefore in the right-angled Triangle A CB 
we have all the Angles given, and one Side, (viz. A C 
= 4000 Miles, or the Semidiameter of the Earth) to 
find the Side B C, op! 3 
As the Sine A = 81 30 = 9.99520 
Is to the Side A C A... = 7 
So is Radius . g0® = 10.000000 
To the Side B C = 40444 = 3.606857. 
wherefore BC HCS HB 444 Nite, * Height 
the Atmoſphere required. , 
(XC.) 1. Since a Cubic Inch of Mercury weighs very 


nicely 8, 1 oz. Averdupois, a Pillar of Mercury, whole 


—— * 


WI > Baſe is one ſquare Inch, and 
1 | | lh. ox. 
Seeding” 28 | : 1 3 
Alice? 294 {che will weigh} 14 15 fere. 
31 15 11 


2. So that the Air, at a Mean Gravity, is equivalent 
to the Preſlare of 15 40. upon every Square Inch; and 
therefore 
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TR Weight of the Air 1s proved by a 


great Variety of curious Experiments, the 


principal of which here follow. 


. — —— 
a R 1 2 © FRI 
be _ - —>— , 
- o 


— 


| (1.) By 


therefore upon every Square Foot it will be equal to 
2160 1b. and 2160 x 14,5=31320 lb. or 14 Tons nearly, 
the Weight or Preſſure ſuſtain'd by a middle-ſiz d Man. 
When the Air is lighteſt, this Preſſure is 1 15 Tons; 
and when heavieſt, it is 14,3 Tons, the Difference is 
1,1 Ton = 2464 /b. the Weight with which we are 
compreſs'd more at one Time than another. 

3. This great Difference of Preiture mult greatly af. 
fect us in regard to the animal Functions, and conſe- 
quently in reſpect to our Health. If a Perſon, for In- 
ſtance, be aſthmatical, he will find his Diſorder in- 
creaſe with the Levity of the Air; for ſince a pure, 
denſe, elaſtic Air, which is very heavy, is only capable 
to diſtend his Lungs in Refpiration, when the Air is 
leſs compreſs'd by its diminiſh'd Weight, it will have 
leſs Elaſticity, and ſo be leſs capable of expanding the 
Lungs ; the Valetudinarian will therefore find his Dif- 
ficulty of Breathing increaſe in Proportion. 

4. Again, the Reaſon why we think the Air lighteſt 
in fine 972 when it is really heavieſt, is becauſe 
the greateſt Preſſure conſtringes and braces the Fibres 
and Nerves, and brings them to a due I one, by which 
Means all the Blood-Veſſels act with their full Power 
and natural Vigour. Hence a proper Velocity is given 
to the Fluids, and a greater Momentum to overcome 
Obſtructions in the Capillaries : Thus by a briſł Circu- 
lation of the Fluids, and a due Compreſſion of the So- 
lids, we find ourſelves firm and well, alert and light, and 
therefore fancy the Air is ſo. | 

5. Whereas, on the contrary, when this Preſſure is 
leflen'd by near 2500 /b. the Fibres are relax'd, the 
contractile Force of the Veſſels diminiſhed, a languid 
Circulation enſues, ObſtruCtions, V iſcidities, Sc. hap- 
pen, and ohne ues, Fevers, Aches, Cc. in ſome 3 
and in all, a Sort of Indolence or gloomy Inactivity, and 
Heavineſs; and therefore we imagine that it reſults 
from the Heavineſs of the Air, when it is Juſt the contrary. 

6. If it be required to find the Weight of the whole 

L 4 Atmoſphere 


* 5 F 
, „44 | I STS Cat te: cw 
>— vp; -- ww K — " = — — 


n 


7 
7 
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(I.) By actually ⁊veighing it in a nice 
Balance; where we ſhall ſee that one Gallon 
of Air will weigh a Drachm very nearly, 
(2.) By filling a Glaſs Tube with Mercury, 
and inverting it in a Baſon of the ſame 
Fluid, where it will appear that a Column 
will be ſupported in the Tube by the ſole 
Weight or Preſſure of the Air, to upwards 
the Height of 28 Inches. (3.) By taking 
the Air off from the Surface of the Quick- 
filver in the Gage of the Air-Pump, which 
then immediately riſes by the Preflure of 
the external Air, (4.) By exhauſting a 

Receiver 


| Atmoſphere onthe Earth's Surface, we b eee thus: 


Suppoſe the Earth's Diameter in round Numbers 8000 
Miles, the Area of a great Circle will be Booo x 80600 
X 0,7854= 50266400 fquare Miles, which multiplied 
by 4, gives 201065600 ſquare Miles for the Surface of 
the Earth; but becauſe we took the Diameter a little 
too large, we may take 200,000,000 for the Number 
of ſquare Miles on the Earth's Surface ; in one ſquare 
Mile are (5280 x 5280=) 27858400 ſquare Feet, there- 
fore on the Eatth's Surface we have 557 5680000000000 
ſquare Feet, which multiplied by 2160 (the Preſſureon each 
ſquare Foot, Art. 2.) gives 1204 3468800000000000 1b. 


for the whole Preflure. NB. Since 2240 /b, make 


XXIX, 


Fig. 3. 


7 Pd 


* 


a Ton, the Preſſure 2160 f. upon a ſquare Foot, is very 
near a Ton Weight. 

7. I ſhall now preſent the Reader with a Solution of 
a very curious Problem, viz. To find the Thickneſs F H 
of an hollow Ball or Globe FD M E, made of any given 


Metal, &c. whoſe 7 ve Gravity is known, = that it 
ſhall fwim immerſed in Part or wholly in any homogeneous 
Fluid, whoſe ſpecific Gravity is alſo known. Let A B be 
the Surface of the Fluid, and let the Globe F D E ſwim 
therein, immerſed to the Depth L M, and let the ſpecific 


Gravity of the Metal be to that of the Liquor as 1 to 12. 


8, Then 


4 * - SEW 4 
* 0 4 1 
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Receiver placed over the Hole of the Braſs 
Plate on the Pump, which will then be 
kept faſt on by the Preſſure of the incum- 

bent Air. Or, (5.) More demonſtratively 
by exhauſting a ſmall Receiver under one 
larger, and letting in the Air at once 
upon it; which will then be faſten'd to 
the Plate as before, though not placed over 
the Hole. (6.) By placing the Hand on 
the open Receiver, and exhauſting, the 
Weight of the Air on the Hand will be ex- 
tremely ſenſible. (7.) By placing a plain 
Piece of Glaſs on the ſaid open Receiver, 

which, when the Air is a little exhauſted, 
will 

8. Then putting the Diameter FM =D, HN=4, ; 
LM; we have the ſpherical Shell equal to the Sphere 


2 4 * 
FDE — Sphere HIK, that » 022 3 alſo the 


6 b 
x* 3 
Segment of the Liquor DME, 5 — 5 and, in 


Caſe of an Equilibrium between theſe Quantities, we have 

22 222 = E: n: 1. Whence we ſhall 
6 aD D | 

get D'=#D=;3Dx*n—2nx*; and thence D- 3D 


; 5 
＋ 2 dD; or D. 37. = = d* ; whence 


D 
at laſt d= * D. 3 — = Therefore == 
the Thickneſs of the Shell required. 


9. If we ſuppoſe the Body to ſwim in the Fluid 
wholly immerſed; then x=D, and dN D* x 1 


DV. Now admit F DE be a Sphere of Copper 

10 Feet in Diameter, and that the Fluid Medium be 

Air, whoſe ſpecific Weight to that of Copper is as 0 to 
% 


*% ty 


a rr es 
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will be broke into Pieces by the Weight of 
the Air. (8.) A Bladder tied over the 


ſame Glaſs will be broke in the ſame Man- 
ner. (.) The Air exhauſted from a thin 
Bottle under a Receiver, and then ſuddenly 
let in, will, by its Weight, inſtantly reduce 
it to very ſmall Pieces, (10.) A Bottle broke 
by the ſame Means another Way. (11.) By 
putting a Piece of Wood under Quickſilver 
in the Receiver, and then exhauſting the 


Air, and letting it in again, it will by its 


Weight force the Quickſilver into the Pores 


of the Wood, and very ſenſibly increaſe its 


Weight. (12.) The exhauſted Braſs Hemi- 


ſpheres prove not only the prodigious 


Weight of the Air, but alſo the Quantity 
thereof very exactly. (13.) By exhauſting 
Glaſs Bubbles ſwimming in Water, and let- 
ting the Air in again, it will force the Water 
into the Bubbles, and make them ſink. 

| „ 


7 — and therefore 1— n 


=1 . and becauſe D 10 Feet, or 120 


76407640 


Inches, therefore 120 FE 5 2110, 992; and fo 


2 
quiſite for the Globe to ſwim in Air. 

10. But in order to this, one Thing more is neceſ- 
ſary, viz. that the Concavity of the Globe be a pure Void 
or Vacuum : for if it be filled with Air only, the —_ 

W 


_ COR # 


a 5 | 
=6,004=F E, the Thickneſs of the Metal re- 


1— G bac. 


1 2. 0 


Land 
Fa! 


= b 
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(14. ) The Syringe with its Weight deſcend. - 
ing in Vacuo, and aſcending again upon the 
Admiſſion of Air, does very prettily prove 
the Preſſure of the Air, and the Rationale of 
Syringes in general. (XCl.) 

= THAT 


will ſink in the Air, be it ever ſo thin; , becauſe in that 
Caſe it muſt be heavier than an equal Bulk or Globe of 
Air. Hence we fee how impoſſible a Thing is that 
Aerial Navigation, which — de Lanis and other 
Miracle-Mongers have amuſed us with, before true 
Philoſophy appeared to deliver us from thoſe vain Spe- 
culations, and fruitleſs Attempts that may be grounded 
thereon. 

(XCI.) 1. I ſhall here give the Rationale of the ſe- 
veral Phenomena of the Experiments on the Air-Pump, 
as they are ſne wn in the Order of my Lectures on this 
Subject. The firſt of which is, to ſbeto the abſolute 
Meigbt of the Air by weighing it in a Balance; of which 
we have already given an Account in Annotation 
LXXXVII. 2. | 


EXPERIMENT II. 
2. The Second is, fixing a ſmall Receiver on the Plate 
of the Air-Pump, by exhauſting the Air out of it. The 
eaſon of which is, that the Preſſure of the Air acts 
now alone on the Outſide of the Glaſs, and perpendi- 
cularly on its Top, and pteſſes it down with a Force 
equal to ſo many times 15 15. as there are ſquare Inches 
in the Top of the Glaſs, or in the largeſt horizontal 
Section of it. The Spring of the Air, (which is always 
equipollent to the Preflure) being now taken away from 
within the ſaid Receiver, will leave it to ſuſtain the entire 
Force of Preſſure, which will therefore fix it faſt down 
to the Plate, 
ny EY tian Bo 2 TP. 
3. I he Third Experiment fixes the Glaſs firmly on t 
Plate, not, as before, over Hi but — Side of it. 
This is to undeceive People in regard to the common 
erroneous Notion of a Suction, which they ſuppoſe is 
ſomething within-ſide of the Glaſs that draws it down 
a the Air paſſes out through the Hole. But when _ 
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TraT Water riſes in Pumps, Syphons, 
and all Kinds of Water Engines, by the 
120 Pref. 


ſee the Glaſs placed on one Side the Hole under a Re- 
ceiver, and that as the Air is drawn out of the Receiver 
it will by its Spring all eſcape from under the Glaſs at 
the ſame time, and then when the Air is let into the 
Recciverall at once, it falls on the little Glaſs, and fixes 
it down in ſuch Manner that it is plainly ſeen to ſink into 
the Leather upon the Plate; I ſay, when all this is ſeen 
and conſidered, it entirely eradicates that vulgar Error, 
and ſets the Truth in a clear Light. 
EXPERIMENT IV. 

4. The Fourth Experiment fixes a Perſon's Hand on 
the Top of an open Receiver. This is done by the Pref. 
ſure of the Air on the Top or Back of the Hand, when 
the Spring of the Air is wanting within the Receiver to 

counteract it. This great Preſſure is very ſenſible to 
the Hand, though not hurtful ; and the Skin and Fleſh 
is viſibly preſſed down between the Metacarpal Bones, 
The Spring of the Air in the Hand at the ſame time 
exerts itſelf, by extending the Skin and Fleſh of the 
Part of the Hand on the Glaſs as far down as poſſible, 
by which Means the Blood flows thither in great Quan- 
tity, as in Cupping, and makes the Part look very red, 
If the Area of the Top of the Receiver be 4 Square 
Inches, the Hand will be preſſed or kept on by a Weight 
_ equal to 60 16. 

EXPERIMENT V. 
5. The Fifth Experiment is fixing the Braſs Hemi- 
ſpheres together by the Preſſure of the external Air, in ſuch 
; as to require two ſtrong Men to pull them aſunder. 
This is done by exhauſting the Air from their Cavity, 
and thereby taking away the Spring, leaving the Preſſure 
to act alone. If the Diameter of the Hemiſpheres be 4 
Inches, the Area will be 122550 Square Inches, which 
"44.4, multiplieq by 15 gives 188, 3 /5. by which they are com- 


preſſed together. 
EXPERIMENT VI. 


6. The Sixth Experiment ſhews the Spring of the Air 
throwing the Air out of a Glaſs- Bubble through the Water 


in which it is placed, in Form of large round Bubbles 


17. 


/ 


4 


69 OP W 


/mall Quantity of Air in the 
elf, and drive out all the Water. The Preſſure of the 
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Preſſure of the Air only, is made evident by 


taking off the ſaid Preſſure (in the exhauſted 
Receiver) 


Air. This is done by taking the Preſſure of the Air off 
the Surface of the Water in the Jar under the Receiver; 
and by that Means the Spring of the Air having nothing 
to counteract or confine it, will exert itfelf, and cauſe 
the Air to eſcape out of the Bubble, and from all Parts 


of the Water, in very ſmall Globules riſing up to the 


Top; whence, by the way, it will appear, that Water 
is a very porous Body, and all its Interitices poſſeſſed by 
Air, which is now expanded into viſible Volumes or 
Globules, and ſeen to make its Eſcape. | 
EXPERIMENT VII. 

7. The Seventh Experiment is but a Part of the for- 
mer, and ſhews, that upon letting the Air again into the 
Receiver, it falls on the Surface of the Water, and by that 
Means compreſſes the whole Body of Water, and drives Part 
- it into the evacuated Glaſs-Bubble, which then becomes 

eavier than Mater, and ſmks to the Bottom. As there is 


but very little Air left in the Bubble, its Spring will de 


very weak, and ſo will yield to the Force of the external 
Air compreſſing the Water, and therefore will give the 
Water Admittance till it becomes ſo far compreſſed as to 
have a Spring equal to that of the outward Air, or to 
that which was in the Bubble at firſt. Its Denſity will 
then be the ſame alſo; and its Bulk, compared with the 
whole Bulk of the Bubble, will ſhew what Part of the 
whole Quantity of Air remained after Exhauſtion. 
XPERIMENT VIII. 

8. The Eighth Experiment fhews, that the ſame Bub- 
ble, placed with its Neck upon a hollow Glaſs over y 
Baſon, under the Receiver, __ exhauſting the Air the 

ubble will again expand it- 


Air, which before kept the Water in the Bubble, being 
now taken away, the Spring of the Air in the Crown of 
the Bubble gradually exerts itſelf, and at laſt expels all the 
Water, From this Experiment it plainly appears, that 
the Spring of the Air is equal to the Preſſure, becauſe 
the Spring drives out all the Water which the Preſſure 
forced into the Bubble. | 
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Receiver) from a Baſon of Mercury, which 
then wall not riſe in the Pipe of the Syringe 
Rf on 


EXPERIMENT IX. 

9. The Ninth Experiment is the Expulſion of the Con- 
tents of an Egg through a ſmall Hole in the little End by 
the Spring of the Air contained in the great End of the 
Egg. While the Egg is new and good, there is always 
a {mall Quantity of Air contained in the great End be- 
tween the Shell and the Skin or Putamen, which, upon 
taking off the Preſſure of the Air from the Hole, will 
expand itſelf, and drive out the White and Yolk through 
the ſaid Hole in the little End. 

| EXPERIMENT KX. 

10. The Tenth Experiment fbews, that when half the 
Shell of the Egg thus emptied is taken off, the ſaid Bubble 
F Air will, upon Exbauſtion, ſo expand itſelf by its Spring 
as to raiſe up the Sin of the Egg, and throw it 4 far 
out as to make the Reſemblance of the entire Egg, I hi 
will happen only when the Egg is quite new ; for as 
the Egg grows ſtale, the Air will loſe its Spring by de. 

rees, and the Egg will become putrid or addle. lt is 
obſerved by Naturaliſts, that this included Bubble of Air 
is abfolutely neceſſary for the Production and Maturation 
of the Chick, which is effected by the Warmth and Fer- 
mentation occaſioned by the conſtant Incubation of the Hen, 
EXPERIMENT XI. 

11. The Eleventh Experiment is to fſhew the great 
Quantity of Air contained in all ſolid Bodies. For when 
a Piece of Braſs, Iron, Stone, c. is put into the Wa- 
ter of a Jar under the Receiver, and the Air drawn out, 
the Spring of the Air contained in the Pores of thoſe ſo- 
lid Bodies, will, by expanding the Particles, cauſe them 
to appear on the Surface in numberleſs Globules, and ex- 
hibit a curious Spectacle to the Eye, like the pearly Drops 
of Dew on the Piles of Graſs ; all which ſuddenly dil- 
appear by letting the Air in again. 

EXPERIMENT XII. | 

12. The Twelfth Experiment ſhews, that a Piece 
of Cork with a Weight added to it, to make it juſt fink in 
the Water, will be raiſed to the Top, or made to ſwim, by 
exhauſting the Air, For the Bubbles of Air which are 

| 5 expanded 


c 
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on drawing up the Piſton, as it will in the 


open Air. 
* THE 


expanded from its Pores, and adhering to its Surface, 


render it lighter than Water, in which Caſe it mult ne- 


ceſſarily rife to the Top, or ſwim. 
EXPERIMENT XIII. 

13. The Thirteenth Experiment fbews, that Glaſs- 
Images and Bubbles, which fink. in Water, will, on ex- 
haujting the Receiver, riſe to the Top and fwim. For the 
Bodies of theſe Images, &c. being. hollow, are filled fo 
far with Water as to make them juſt ſink ; and the reſt 
of the Cavity being poſſeſſed of Air, this Air will, upon 
taking off the Preſſure of the external Air, exert its 


Spring, and drive out the Water from the Images and 


Bubbles ; they then become lighter than the Water, and 
riſe to the Top. When the Air is let in again, the Water 
re-enters their Bodies, and they fink down again, 
EXPERIMENT XIV. > 

14. The Fourteenth Experiment ſbetus, that a Bladder 
nearly emptied of Air, and ſunk with a Weight to the Bot- 
tom of a Jar of Water, will, upon Exhauſtion, riſe to the 
Top and ſwim. The Reaſon of which is, that when the 
Preſſure of the external Air is taken off, the. Spring of 
the little incloſed Air will dilate and expand the Bladder 
to its full Bulk; and then the Quantity of Water equal 
to its Bulk will be heavier than the Weight and 
Bladder, and fo will buoy them upto the Top, according 
to the Laws of Hydroſtatics, which ſee. 

EXPERIMENT XV. 
15. The Fifteenth Experiment raiſes Beer or Ale into 


a large white Head or Frath to the Top of the Far, This 


happens on account of the great Tenacity of the Fluid; 
for when the Preſſure of the Air is taken off, the Air in 
the Beer expands itſelf into large Globules, to which 
the -Particles of Beer adhering on every Side render 
them too heavy to riſe from the Surface, and fly awa 

in the Air. The Bubbles of Air being thus raiſed are, 
as it were, conglutinated or ſtuck together by the adhe- 
tive Quality of the Liquor; and thus rife in great 
Quantities, the upper Part being raiſed and ſuſtained by 
the Expanſion of that below. When the Air is let: in, 


the 
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Tux SrRING of the Air is demonſtrable 
by various Experiments: As, ( 1:) By the 


great 


: che Air-Bubbles contract, ſubſide, and retire within the 


Pores of the Fluid. In the ſame Manner Soap-Water, 
Yeaſt, Oc. will riſe in a Head. | 
-” EXPERIMENT XVI. 

16. The Sixteenth Experiment is exhibiting the Pha- 
nomena of Boiling Water in the exhauſted Receiver. To 
this end the Water muſt be as hot as the Finger can 
well bear when put under the Receiver. Upon exhauſt- 
ing, the Air-Bubbles will be ſeen to riſe very ſoon, and 
at firſt very ſmall ; they ſoon appear higher, and at laſt 
are ſo large, and riſe with ſuch Rapidity, as greatly to 
agitate the Water, and cauſe it to appear in all the Cir- 
cumſtances of Boiling; which Agitation of the Water 


 wrill continue till the Air be let in again, and then it will 


ceaſe, and all will be quiet and ſtill as at firſt. Some Peo- 
e imagine the Water grows hotter by boiling under the 
eceiver, as it does over the Fire; not conſidering that 
Water boils only by the great Expanſion and Rarefac- 
tion of the Air it contains, from whatever Cauſe it pro- 


ceeds, as from the Heat of Fire, from taking off the 


Preſſure of the Atmoſphere by the Air- Pump, Oc. 
* EXPERIMENT XVII. 
17. The Seventeenth Experiment ſhews, that a ſori- 
ved Apple will be plump'd out, and made to look fair, 


under the exhauſied Receiver. The Reaſon of which is 


the Expanſion of the Air in the Subſtance of the Apple, 
when the Preſſure is taken off from its Surface; for 


though ſome Parts of the Skin be pervious to the in- 


cluded Air, (as appears by the little Streams riſing from 


the Pores of the Apple placed in Water) yet the 


reateſt Part of the Surface is not, and will not there- 
fore ſuffer the Air to paſs out, but will yield and expand 
to its utmoſt Dimenſions, (and ſometimes burſt } on 
which all the. Wrinkles diſappear, and the Apple puts on 
a youthful Face, till the Air be againlet in, when it in- 


ſtantly returns to its former State of Decay and ſhrivel'd 


Countenance, 


EXPERIMENT XVIII. 
18. The E£:ghtcenth Experiment exhibits the beautiful 
Appearance 


t 


* 
* 
* 


. 
great Expanſion of a ſmall Quantity of | 
Air in an. exapied Bladder, when th Air * 
; 2 - = ; 
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5 
Aj pearance of Air riſing from all Parts of a vegetable 
Subfance very coptouſly through the Water in Vacuo. For 
when the Preſſure of the incumbent Air is t1aln off, 
the Spring of the Air contain'd in the Air-Veſſels of 
Plants, will, by expanding the Particles, cauſe them 
to riſe from the Orifices of all the Veſſels, and that 
for a long Time together, by which is ſhewn what a 
great Quantity of Air is contained in all vegetable 
Subſtances ; and ſince it is ſeen to come out of the 
Sides, or all over the Surface of a Piece of Stick, as 
well as from its tranſverſe Sections, it is a convincing 
Proof that the Texture of the Stems of Plants and 
Trees conſiſt of Veſſels in a longitudinal and alſo in an 
horizontal Poſition. c | 
EXPERIMENT XIX. THE 
19. The Nineteenth Experiment fſhews the Method of 
injecting a vegetable Subſtance with Duickſilver, Thus 
if a Piece of Stick be cut even at each End with a Pen- 
knife, and immerſed in Mercury, upon pumping aug 
the Air from the Receiver, it will at the ſame” Lime 
come out of the Pores of the Wood through the Mgr- 
cury, as will be viſible at each End. When the Air is 
let in again, it falls on the Surface of the Mercury, 
and forces it into the Pores of the Wood to poſſeſs the 
Place of Air. When the Wood is taken out and 
weighed, it will be found ſeveral times heavier than 
before; it will have changed its Celour, being now-of 
a blueiſh Hue all over; and if ſplit or cut tranſverſely, 
the Quickſilver will be ſeen glittering in all its Pores, 
and through every Part. 5 
| EXPERIMENT XX. 
20. The Twentieth Experiment is the breaking of & 
Bladder by the Weight of the Air. For if the Bladder 
be tied over one End of an open Receiver, as the Air is 
exhauſting the Spring will be weakened, and give wa 
to the Preſſure of the Air on the Bladder, in which Caſe 
the Bladder will put on a concave Figure, which will 
be nicely ſpherfcal ; and this will continue increaſing, 
Vor. Il Wy _ 
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* Ws |  .- of 
is taken off from the external Parts in the 


Receiver. (2.) By the Extruſion of a Fluid 


Out 
. 


till the Strength of the Bladder be overcome by the 
Preſſure, when it will break with a very great Report. 
” EXPERIMENT XXI. 

21. The Twenty-firſ? Experiment is the breaking a 
Glaſs- Bottle by the reſſure of the Air. For this Pur- 
poſe the Bottle ought to be of a ſquare Form, and not 
cylindrical or globular; it ſhould alſo not be very thick, 
if ſmall. Then the Bottle is ſcrew'd on to the Hole 
in the Plate of the Pump, and the Air drawn out : By 
this Means the Bottle ſuſtains the Preſſure from without, 
ſo long as its Strength will permit ; then the Parts 
yield, and the Bottle is inſtantly reduced into very ſmall 


Pieces. 
EXPERIMENT XXII. 
22. The Twenty-ſecond Experiment breaks a Bottle by 
the Spring of the Air. For the Mouth of the Bottle 
being ſecurely ſealed up, ſo that no Air from within can 
eſcape, it is put under the Receiver ; and as the Air is 
drawn off from its Surface, the Spring of the Air in- 
cluded will take place, and act more and more forcibly 
_ againſt the Sides of the Glaſs, which having now no- 
thing but its own Strength to defend it, as ſoon as that 
i overcome the Parts give way, and the Glaſs is burſt in 
ieces. N 
EXPERIMENT XXIII. 

23. The Twenty-third Experiment is to ſhew, that a 
Bladder being emptied of its Air, all to a very little, and 
then ſuſpended in the Receiver, the little Portion of Air 

will expand itſelf af gra Manner _ Exhauſtion, that 
at 72 it will diſtend and fill out the Bladder to its utmuſl 
Bulk, and make it appear as one 3 The Rea- 
ſon of which is apparent from what has been ſo often 
repeated above; as alſo, of its contracting again when 
the Air is let in. 
EXPERIMENT XXIV. | 

24. The Twenty-fourth Experiment ſhews, that the 
Syringe will deſcend LI the ſuſpended Piſton in V acuo, 
when the Hole at Bottom is ſtopped, and a ſmall Weight 
added ta evercome the Friction. If the Hole be ſtopped 

7 | in 
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out of a Glaſs Bubble, by the Expanſion 
of the Bubble of Air contained therein. 


(3). By 


in the open Air, and the Piſton drawn up, it will be 
reſiſted by the Preſſure of the incumbent Column of 
Air; but in Vacuo, where this Air is taken away, the 
Piſton may freely riſe; or, which is all one, the ” 
ringe may deſcend; as it will, if a ſmall Weight 
added to overcome the Friction of the Piſton, When 
the Air is let in again, it will be ſeen to puſh up the 
Syringe upon the Piſton again, 8 
EXPERIMENT XXV. 

25. The Twenty-fifth Experiment ſhews, that Water 
_ in Pumps, and Puickſilver in the Barometer, by the 

reſſure of the Air only. For a Glaſs Tube being ſcrew'd 
on to the abovementioned Syringe, and immerſed in 
the Mercury in the open Air, if the Piſton be then 
lifted up, it will attenuate the Air contained in the Glaſs 
Tube, by giving it a greater Space to expand in, and 
by this Means lefſen its Spring. The Preſſute then of 
the external Air will raiſe ſo much Mercury into the 
Tube, as its Weight added to that of the Spring of the 
included Air is an equipollent Force, and then an Equi- 
librium will enſue: But if the Mercury be placed un- 
der the exhauſted Receiver, and the Piſton lifted up, no 
Mercury will then be ſeen to riſe; which plainly ſhews 
the Cauſe, viz. the Air's Preflure is in that Caſe taken 


away. 
EXPERIMENT XXVI. 
26. The Twenty-/ixth Experiment ſhews, that the 


Spring of the Air has a Force equal to the Preſſure of the 
AM 


Air, by raiſing the Quicſſilver to the ſame Height. For 
if a Tube open at both Ends be cemented into a Glaſs 
Vial, nearly filled with Quickſilver, and placed under 
the exhauſted Receiver, as the Air is gradually ex- 
hauſted, you will ſee the Mercury riſe from the Vial into 
the Tube above the Pump, by the Spring of the in- 
cluded Air, to the ſame Height as It is in the Gage- 
Tube below by the Preſſure, and that during the whole 
Time of the Exhauſtion. And this will always happen, 
let the Quantity of Air 3 Vial be ever fo ſmall, 


- — — — 
. 
» —_— — * 
- — — 


at laſt, when all the Air is taken away, the Cork wil 
deſcend, and ſhew itſelf really heavier than the Lead, 


— 
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(3.) By the Expulſion of the White and 
Volk of an Egg through a ſmall Hole in 
: | the 


or what it will; the Phænomenon depending not upon 
the Quantity, but the Strength of the Spring. 

| XPERIMENT XXVII. 

27. The Twenty-ſeventh Experiment ſhews the Me- 
thod of making an artificial Fountain in Vacuo, by the 


 Air's Preſſure. For this Purpoſe a very tall. Glaſs Tube 


is hermetically cloſed on the Top, and at Bottom by 
Means of a Braſs Cap ſcrewed on to a Stop-Cock, and 


that to the Plate of the Pump ; then, when all the Air is 
exhauſted, the Cock is turned, and taken off the Plate, 


and immerſed in Mercury or Water: Then, upon 
turning the Cock again, the Fluid by the Preſſure of the 
Air will be ſeen very beautifully to play up in the Tube 
in the Form of a Fountain. 

EXPERIMENT XXVIII. 

28. The Twenty-eighth Experiment ſhews, that the 
Magnetic Virtue from the Stone, or a touched Piece of 
Iron, affetts the Needle in Vacuo, in the ſame Manner as 
in open Air. | 
EXPERIMENT XXIX. 

29. The Twenty-ninth Experiment ſhews, that the 
Attraction of Coheſion is the ſame in Vacuo as in the open 
Air. For this Purpoſe a large Glaſs Tube, drawn out 
into a very fine Capillary at Top, when filled with 
Water will ſuſtain it to a certain Height in the Air: If 
the ſame be placed under the Receiver, and the Air 


drawn out, the Water will remain ſuſpended as be- 
fore; which ſhews it to be wholly owing to the Force of 


Attraction, | 
| EXPERIMENT XXX. 
30. The Thirtieth Experiment ſhews, that Bodies 


which equilibrate each other in the Air, loſe their Equili- 
rium in Vacuo. Thus if a Piece of Lead at one End 


of a fine Balance, and a Piece of Cork at the other, 


are in Equilibrio in the Air, and thus placed under the 
Receiver, as ſoon as the Air begins to be exhauſted» ſo 


foon the Equilibrium will begin to be deſtroyed, til 


Ile 
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the little End, by the Expanſion of the 
Air contained in the great End; and alſo, 


(4-) By 


| The Reaſon of which is evident from Hydroftatic 
Laws; for both Bodies being weighed in Air, each 
would loſe the Weight of an equal Bulk of Air, con- 
ſequently the Cork will loſe a greater Weight than the 
Lead in the Air ; and therefore when the Air is 'taken 
away, the de that is reſtored to it being greater 
than what the Lead has retrieved, will cauſe it to pre- 
ponderate, or weigh down the Lead in Yacuo. And 
hence we ſee that a Pound of Feathers is really heavier 
than a Pound 4 Lead, if weighed in the Air. 
EXPERIMENT XXXI. 
31. The Thirty-firft Experiment ſhews the Air to b 

the Medium of Sounds, For if a Bell be ſcrewed on to 
the Air-Pump, it will ring in the Air, and be heard 
under a thin Receiver: But when the Air is exhauſted, 
the Sound is not heard, which plainly proves it to be 
propagated by Means of the Air; and this is farther 
evinced by letting the Air gradually into the Receiver ; 
becauſe if, in the mean time, you keep ſhaking the 
Bell, the Sound will increaſe in Proportion as the Glaſs 
is filled with Air, 


burning, be placed under the' Receiver, 
exhauſted the Coals will begin to decline and die away, 
and the Candle will go out by Degrees. 


EXPERIMENT XXXI.. a 


32. The Thirty-ſecond Experiment ſhews, that tbe 
Air is neceſſary for the Exiſtence of Fire and Flame. 
Thus if Charcoal thoroughly lighted, ang a Candle 

the Air is 


EXPERIMENT XXXIII. 


33. The Thirty-third Experiment ſbetos the Riſe of 


Vapours and Smoke to be owing to the Air; becauſe when 
the Air is taken away, the Vapours, which -at firſt riſe 


very plentifully from the wet Leathers of the Plate fo 
her, as to obſcure the Receiver, begin to fall when the Air 
the becomes greatly attenuated z and the Smoke, which at 
) 5 firſt roſe from the Candle extinct, now begins to de- 
, 


ſcend; and when the Air is all exhauſted, the Receiver 


M 3 Smoke 


. 


becomes quite clear, and free from all Appearance of 
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after the Volk is taken away, and one half 
of 


8 By raiſing up the Skin of the Egg 


Smoke or Vapour. Hence, by the way, we ſee theReaſon 
why, when the Air grows lighter, it lets fall the Va- 


| pours, and the Weather becomes miſty, hazy, and wet 


or rainy. 
4 EXPERIMENT XXXIV. 
34. The Thirty fourth Experiment ſhews the Exploſion 
of Gunpowder is owing to the Air. For if it be kindled 
in Vacuo, the Air, that ſo ſuddenly expands itſelf from 
the Powder, and gives fuch a Shock to the common 
Air, now finds none to encounter, and ſo makes ns 
ſenſible Appearance, otherwiſe than by the Sinking of the 
Mercury a little in the Gage by its Spring. 
EXPERIMENT XXXV. 

35. The Thirty-ſiſth Experiment hhews how Hal!'s 
are produced by refratied Light. Thus if a Candle be 
held on one Side of the Receiver, and the Eye placed 
at ſome Diſtance on the other, as ſoon as the Air be- 
gins to be exhauſted, and becomes attenuated and re- 
pleted with Vapours to a proper Degree, the Light of 
the Candle will be refracted through that Medium in 
Circles of various Colours, very much reſembling thoſe 
ſeen about the Moon in a hazy Air at Night. 

EXPERIMENT XXXVI. | 
36. The Thirty-ſixth Experiment ſhews hozv the Lungs 
of an Animal are 1 in Vacuo, in what Manner it 


dies, and is revived again. For this Purpoſe a ſmall 


Bladder is tied to a Pipe, and ſcrewed into a Bottle, 
which then repreſents the Lungs in the Thorax. This 
Pipe is perforated quite through to the Bladder, and 
is therefore analogous to the Trachea or Wind-pipe. 
The Air confined in the Bottle about the Bladder is in 
the ſame Circumſtances with that in the Breaſt about 
the Lungs. When this Apparatus is placed under the 
Receiver, one or two Exſuctions will attenuate the Air 
in the Receiver and Bladder, upon which the Spring 
of included Air 11 the Bottle will compreſs the Bladder, 


As that in the Thorax does the Lungs ; and a few more 


Turns 


Ys 
| 
| 
| 
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of the Shell) by the Expanſion of the faid 
included Bubble of Air, ſo as almoſt to fill 
| | the 


Turns will caufe the Bladder to be compreſſed together. 
The Lungs being thus compreſſed, the Animal is ſen- 
ſible of a prodigious Weight, the Circulation of the 
Blood through the Lungs is ſtopped, the Creature is all 
over convulted, and at laſt expires in the greateſt Agonies 
of a moſt cruel Death. When the Air is let in again, 
the Bladder gradually expands, as do the Lungs of the 
Animal ; and if it has not lain too long, the Blood will 
again paſs through them, and the Animal will recover ita 
ſuſpended Life. | =_ 
EXPERIMENT XXXVII. : "i 
37. The Thirty-ſeventh Experiment ſhews Air to be al- | 
ſolutely neceſſary to moſt Sorts of Animals. This we do 
by exhauſting the Air from a Cat, a Rat, a Mouſe, a 
Bird, &c. which ſoon die in the Manner above deſcribed. 
It is not always, indeed, that Gentlemen can thus ſuffer 
their Curioſity to get the Aſcendant ſo far over their 
Humanity, as to defire ſo ſhocking a Spectacle. The 
Ladies (greatly to their Honour) ſhew more Conſidera- 
tion, generally voting againſt it. 
EXP ERIMENT XXXVIII. 
38. The Thirty-eighth Experiment ſhews Air is not 
abſolutely neceſſary to the Life of ſome Animals : For it is 
well known that pumping the Air from a Toad, an Eel, 
a Viper, and all Sorts of Inſects, ſeems not immediately 
to affect them. Indeed, the winged Inſects cannot fly, 
but they will crawl and run about very briſkly. Some 
ſay Fiſh will die for want of Air; I confeſs I never could 
kill any. They appear greatly diſturbed, ſwoln, and fickiſh 
at firſt ; but Mr. Hawkeſby ſays he has kept them a week 
in Vacuo, and they recovered their ficſt Illneſs, and were 
at the Week's End as lively and alert as thoſe which had 
n kept as long in the Air. | 
EXPERIMENT XXXIX. 
39. The Thirty-ninth Experiment ſhews no winged. 
Animal can fly without Air. For this Purpoſe a large 
Butter-fly is a proper Subject; for as ſoon as it is puk, © 
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the Half- Shell. (5.) Glaſs Bubbles and 
Images fill'd with Water, ſo as to make 
them 


under the Glaſs it will fly and flutter about; but when 
the Air is taken away, nothing more of that Kind is ſeen. 
If a fine Silk be tied about one of the Horns of this, 
Animal, and it be thus ſuſpended in the Middle of the 
Receiver, it will at firſt ly towards every Side of the 
Glaſs ; but when the Air is exhauſted, jt cannot get out 
of the perpendicular Poſition into which it is brought 
" by its Gravity, though it will be conſtantly endeavouring 


10 do it. \ 
EXPERIMENT XI. 
40. The Fortieth Experiment is that of Aduſt or Burnt 
Air: This Air is brought into the Receiver ticcugh the 
— ; Fire; and if a Candle be put down into it, it :nllantly 
goes out, and will do ſa for many Times together; but 
every Time the Candle burns longer than before, which 
ſeems to ſhew, that this Air is ſomewhat of the ſame 
Nature with that in Mines, commonly called Damps, 
and is, like that, purified again by Fire. 
. | 1 T XLI. 
4 1. The Forty-firſt Experiment ſhews that Aduſt Air 
is ent Death 2 Sorts of — Thus ny r 
row put into this Air tumbles down with a kind of 
Vertigo, is convulſed, and dies directly; much after the 
fame Manner as Men fall down dead in the contaminated 
Air of Mines, deep Wells, Sc. 2 


» + QSZEXTERIMEST XLII. 
h 42. The Forty-/ecand Experiment ſhews that all Bodies 
Heſcend equally ſwift in Vacuo. 'Ihus a Guinea and 
\ » Feather let fall from the Top of a tall exhauſted Re- 


7 ceiver, come down to the Bottom in the ſame Time, or. 
4 both together. But when let fall from thence in the Air, 
= the Feather will deſcend' much ſlower than the Guinea, 
« 


and with an oblique or indirect Motion, 
- W WK” +» EXPERIMENT XLIII. by 


43. The Forty-third Experiment Heu all Fermen- 
v- Sq ation and Putrefattion depend on Air. Thus Apples, 

5 „ Fears, Plums, Cherries, Oc, which in the Air ſoon 
* 3 2 4. 9% ves | . 10 | grow 
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them juſt fink in Water, will, upon ex- 
hauſting the Air from the Surface, riſe ta 
the 


grow mellow, putrid, and rotten, will, if kept in an 
exhauſted Receiver, placed under Water, be preſerved a 
long Time untainted, appear freſh and in their native 
Bloom. Thus Eggs alſo, whieh in the Air ſoon grow 
ſtale, putrid, and addle, will in Vacus retain their Good- 
neſs, and be fit for Uſe after a great while: Which is 
the Reaſon why many People keep them in Pots of But- 
ter, Lard, &c. to preſerve them from the Air. 
DT EET XLIV. 
The Forty-fourt riment ſhews how neceſſary 
Ai — for the 2 pu) Growth of Plants 75472 
getables. For if the ſame Seed be planted in two diffe- 
rent Pots of Earth at the ſame Time, and one of them 
be kept in an exhauſted Receiver, the Difference between 
the Appearance and Growth of each will be ſufficiently 
ſenſible to any that ſhall try the Experiment. 
EXPERIMENT XLV. 1 
45. The Forty-fifth Experiment foews, that the Mrit- 
ing made with Phoſphorus upan Paper, laid on the Plate 
of the Pump, will in Vacuo ar luminous, and not be 
extinguiſhed like common Fire. It will alſo ſend up 
lucid Fumes or Clouds to the Top of the Receiver. * 
EXPERIMENT XLVI. | 
46. If the Paper be wetted by Patches, on which the 1 
Lines have been drawn with Phoſphorus, inflead of a, N 
ö 


+ 


a * — * „ _— — ww” 


Cloud it will give Flaſhes in Vacuo. For theſe Experi- 
_ with Phoſphorus the Room ſhould be made very | 8 
arts. | 9 
EXPERIMENT XLVII. 5 | 
47. The Forty-ſeventh Experiment fhews, that upan 
ſome Ghemical Mixtures a ſtrong Efferveſcency, Ebullition, 
and Dre will happen in Vacuo. Thus, if to an a 
(vat mall) Quantity of Vitriol, Oil of Tartar per De- 
igutum, and Oil of Cloves, 1 put two or three ſmall 
Pieces of Phoſphorus, the Mixture will take Fire in the 
open Air, and is put out by the Addition of 'a little. 
Water. It will not only ſhine, but boil up into a Flame 
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the Top of the Veſſel. (6.) Alfo a 
Bladder filled with Air, and juſt made to 
ſink 


EXPERIMENT XLVIII. "Ip 
48. Melted Lead, and other Metals, ſet to cool in Va- 
cuo, have their Surfaces concave ; whereas they are con- 
vex in the open Air. The Reaſon of which is the ſame 
as of the Expanſion of Water when it congeals into 
Ice. Thus Ice becomes ſpecifically lighter than Water, 
and ſwims in it; as any ſolid Metal is ſpecifically lighter 
than when melted : Thus a leaden Bullet ſwims in 
melted Lead. What Agent Nature employs in the Af- 
fair of Congelation, is perhaps as yet unknown to Mor- 
tals; but whatever it be, *tis certain that one Part of its 
Operation is to ſever the Particles, and fix them at a 
greater Diſtance from each other in the hxed, than they 
are in the fluid State. 
i EXPERIMENT XLIX. 

49. The Chemical Proceſ of Cryſtallization will not 
ſucceed in Vacuo, If Salts be mixed with Water and 
evaporated to a Pellicle, and then placed under an ex- 
hauſted Receiver, and ſet in a cool Place as uſual, it will 
not ſhoot into Cryſtals, as in the open Air it readily 


will. 
EXPERIMENT .. 
50. The Fiftieth Experiment ſhews, that if a Piece of 
Wood be cemented in the lower Part of the Neck of the 


open Receiver, and Mercury be poured upon it, after two 


or three Exhauſtions the Preſſure of the Air will be fo 


* on the 8 as to cauſe it to deſcend through 
e Pores of the Wood in Form of a beautiful 
Shower ; which will ſhine (if it be well cleanſed and the 
Weather dry) in a dark Room, The Air alſo will fol- 
low the Quickſilver through the Pores of the Wood, and 
cauſe the Gage to ſink. | 


* * 


4 51. To theſe Experiments of a Vacuum, I ſhall, add 


the following Particulars relating to the CONDENSATION 
of Air: As, (I.) That the Veſſel ought to be very 


ſtrong to bear the Force of the Air's Spring thus in- 


creaſed ; 
— * 


PNEUMATICS. 


fink with a Weight, will, upon Exhauſtion, 
ſoon riſe by the Expanſion of the contained 
Air. 


* 


creaſed ; for which Reaſon they are generally made of 
Braſs. (2.) If Glaſs be uſed for a Condenſer, it will 
not indeed ſuffer ſo great a Degree of Condenſation, 
but the Experiment will be pleaſanter, by viewing the 
Subject placed in the condenſed Air. (3.) The Spring 
of the Air will be greater in Proportion to its Conden- 
ſation, and therefore (4.) The Sound of the Bell will 
be twice or thrice as loud as in the common Air, if 
the Air be made twice or thrice as denſe by Injection. 
(5.) A round Vial will be broke by condenſed Air that 
could not be broke by the Preſſure of the common Air. 
(6.) Though Animals ſoon die by not having the natu- 
ral requiſite Quantity of Air, yet they will not be eaſily 
killed by having that Quantity increaſed by Condenſa- 
tion. (7.) If Air be condenſed upon Water in a Bottle, 
it will cauſe it to ſpout through the Tube of Commu- 
nication to a very great Height, v:z. to 30 Feet, if 
only one Atmoſphere be injected ; to 60 Feet, if two; 
and ſo on. (S.) A Bladder, that will ſuſtain the Spring 
of common Air, will be broke by the Spring of con- 
denſed Air. In ſhort, the Force of condenſed Air 
may be ſo far increaſed, as to countervail or antagoniſe 
the greateſt Power of Nature that we can apply. 
(9.) Water with Air condenſed upon it will conceive a 
much greater Degree of Heat than in the common Air, 
where it will boil much ſooner than in condenſed Air. ' 
(10.) So great may the Degree of Heat acquired in 
Water this Way be, as to melt ſoft Solder; and 
therefore Veſſels ſhould have their Parts put together 
with hard Solder, that are uſed about theſe Experi- 
ments, | 

52. From this vaſt Power of confined and elaſtic 
Air and Steam it is that we account for the prodigious 
Effects of Papin's Dio ES TER in diſſolving Bones and 
reducing them to a Jelly, ſo as to become a wholeſome 
and ſavoury Diet; for which Purpoſe they are put into 
a metalline Veſſel, with a Cover, which is faſt and 
ſtrongly. 
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Air. (J.) The Spring of the Air will ſhew 
elf alſo by railing heavy Weights. laid 
on a Bladder, half filled with Air, in a 
proper Veſſel under the Receiver. (8.) 
Beer, Cyder, Water, and porous Bodies, 
do emit great Quantities of Air under the 


exhauſted Receiver. (g.) Fiſhes are made 
ſo light or buoyant by increaſing the Spring 


of the Air in their Bladders, upon Ex- 
hauſtion, that they riſe to the Top of the 


Water, and cannot again deſcend to the 


Bottom. (10.) Shriveled Apples are made 
to look fair and ſmooth by the Spring of 
the contained Air filling out the Wrinkles. 
(11.) The Spring of the Air in a ſquare 
Bottle, cemented cloſe, will immediately 
burſt it in Pieces, upon exhauſting the in- 
cumbent Air. (12.) But that curious Ex- 
periment which ſhews the Force of the 
Spring of the Air to be equal to its Weight 
| | Or 


ſtrongly ſcrewed down, and Air-tight. The Digeſter 


nearly filled with Water and Bones is fet over a gentle 


Fire, which by Degrees rarefies the Water into Steam, 
which with the included Air in a ſhott Space of Time 
acts upon the Bones with 0 great an Energy, as to 
effect their utter Diſſolution, and cauſe them to mix 
and incorporate ſo intimately with the Water, or Broth, 
as to make a perfect Caagulum or Jelly when all is cold. 
which may be then ſliced out with a Knife. The 

who would ſee more of the wonderful Effects. of this 


Inſtrument may conſult the Author's own Book upon 
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or Peſſure, is by raiſing the Mercury, by 
the Expanſion of a ſmall Quantity of con- 


fined Air, to the ſame Height in an ex- 
hauſted Tube above the Pump, as that 


which it is raiſed to in the Mercurial Gage 


by the Preſſure of the Armalphcre be- 5 


low it. 

Tux great Action of l Lit, vix. 
Breathing by Inſpiration and Expiration. of 
Air, is owing to the Preſſure and Spring of 
the Air conjointly, as is evident by the 
Contraction and Expanſion of a Bladder in a 
{mall Receiver, with a Bladder tied on at 
Bottom to repreſent the Diaphragm. 

Hence the Neceſſity of Air for Reſpira- 
tion and animal Life in moſt Sorts of Crea- 
tures, which die very ſoon in the exhauſted 
Receiver: Though ſome Animals will not 
be killed in this Manner ; as Vlies, Frogs, 
Toads, ſome Sort of Fiſhes, &c. 


Tur Air paſſing through the Fire, and 
a heated Braſs Tube, is unfit for animal 


Reſpiration, is ſhewn by the ſudden Death 
of any Animal put into a Receiver filled 
therewith. Alſo Candles and living Coals, 
put into this aduſt Air, immediately go 


out. Hence the noxious and peſtilential 


Qualities of Damps and ſuffocating Exha!a- 
tions, ſo frequent and fatally experienced in 
Mines, and other ſubterranean Places. 

P THAT 


25 
- 
. — Hes. — 9 —— 
. — 
— 


7 — n 
be. 3 * TL ES 2 — = 
4 — — . ( = 


— — — 3 


5 
9 
* 
1 
1 
1 
* 
. 
* 
1 
4 
7 


174 


PN EUMATICS. 


Tuna Air in its natural State is neceſſary 
for Fire and Flame, 1s obvious from the ſud- 


den Extinction of a Candle, a live Coal, &c. 


in the exhauſted Receiver. Alſo Gunpowder 
fired therein will not take flame, or be ex- 


| plofrve, but melt and die away. 


Tr the different Velocities with which 
heavy and light Bodies deſcend in the Air, 
is owing to the Air's Reſiſtance only, is ma- 
nifeſt from the equal Velocity or Swiftneſs 
with which all Bodies deſcend in the exhau/t- 
ed Receiver, as is ſhewn in the Experiment 
with a Guinea and a Feather. 

AIR is likewiſe neceflary for the Exiſ- 
tence and Propagation of Sounds ; for a 
Bell placed under the Receiver, and rung, 
will not be heard when the Air is drawn 
out ; but in condenſed Air, the Sound will 
be augmented 3 in TOO to the Conden- 
fation. 

Tur Fermentation, Putreſadtion, &c. 
depend on the Air, and are promoted by 
it, is ſhewn by preſerving the Fruit in their 
natural Bloom and Perfection through the 
Winter in an exhauſted G/afs. 

TE Uſe of the Diving-Bell depends on 
the Preſſure and Spring of the Air: For 
ſince the Space which Air takes up is reci- 
procally as the Power compreſſing it, tis 

evident 


* 
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evident that at the Depth of 33 Feet of 
Water, where the Preſſure of the Atmo- 
ſphere is doubled, the Bell will be half 
filled with Water; at the Depth of 66 Feet 

it will be Two- Thirds filled; at the Depth 
of 99 Feet it will be Three-Fourths filled; 
and ſo on. Whence appears the Neceſſity 
of having the Veſſel in the Form of a 
Bell, that the perpendicular Height of the 
Water may be as little as poſſible. Hence 
alſo we ſee how neceflary it is to have a 
very gentle Deſcent of the Bell, that the 
Divers may have Time to admit the Air, 
ſo greatly condenſed, by proper Degrees, 
leſt it ſhould burſt the fine Veſſels of their 
Bodies, and kill them: Together with ſe- 
veral other Particulars relating to the Na- 
ture and Manner of ufing this Machine, 
which will, be more fully explained in the 
Note below. (XCII.) 


THE 


(XCII.) rt. That the Reader may have a juſt Idea of 
the Campana Ulinatoria, or DivixG-BELL, according 
to the lateſt Improvements by Dr. Halley and Mr. Trie- 
wald of Stockholm, I have here exhibited two Figures of 
the ſame,» The firſt is that of Dr. Halley's Form, which 
was 3 Feet wide at Top, 5 Feet at Bottom, and 8 Feet 
high ; and contained about'63 Cubic Feet, or near 8 
Hogſheads, in its Concavity. 

2. This was coated with Lead, fo heavy that it would 
ſink empty; and the Weight was ſo diſtributed about the Plate 
Bottom I K, that it would go down in a perpendicular XXIX, 

| Poſition Fig. 4. 
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concerned in that Chirurgical Operation 


it was drawn up, and the other deſcended, to te: ready 
for Uſe. | 1 n 
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Tun Spring of the Air is moſt ęvidently 


We 


Poſition and no other, In the Top wan fixed a ſtrong 


but clear Glaſs D, to let in the Light from above; and 
likewiſe a Cock, as at B, to let out the hot Air that 
had been breathed; and below, at L M, was fixed a 
2 4 Seat for the Divers to fit on; and laſtly, from 
the Bottom was hung, by three Ropes,” a Stage for 
the Divers to ſtand upon to do their Buſineſs. This 
Machine was ſuſpended from the Maſt of a Ship by a 
Sprit, which was ſufficiently ſecured: by Stays to the 
Maſt-head, and was directed by Braces to carry it over- 
board clear of the Side of the Ship, and to bring it in 
again. 

3. To ſupply the Bell with Air under Water, two 
Barrels, ſuch as C, of about 63 Gallons each, were 


made and caſed with Lead, ſo that they might ſink 


empty, each having a Hole in its loweſt Part to let in 
the Water, as the Air in them is condenſed in their 
Deſcent, and to let it out again when they were drawn 
up full from below. And to a Hole in the Top of the 


| Barrels, was fixed a Hoſe or hollow Pipe, well prepared 


with Bees-Wax and Oil, which was long enough to 
fallbelow the Hole at the Battom, being funk with a 
Weight appended, ſo that the Air in the upper Part of 


the Barrels could not eſcape, unleſs the lower Ends of 


theſe Pipes were firſt lifted up. | 

4. Theſe Air-Barrels were fitted with Tackle, pro- 
per to make them riſe and fall alternately, like two 
Buckets in a Well. In their Deſcent, they were directed 
by Lines faſtened to the under Edge of the Bell to the 
Man ſtanding on the Stage to receive them, who by 


taking up the Ends of the Pipes above the Surface of 


the Water in the Bell, gave Occaſion for the Water in 
the Barrels to force ul the Air in the upper Parts into 
the Bell, while it entered below, and filled the Barrels. 
And as ſoon as one was diſcharged, by a Signal given, 


PNEUMAT ICS. 


we call Cupping; for when a Vacuum is 
made by a Syringe in the Cupping-Glaſs 
* applied 


5. As the cold Air ruſh'd into the Bell from the Bar- 
rel below, it expell'd the hot Air (which was lighter) 
through the Cock B, at the Top of the Bell, which 
was then open'd for that Purpoſe. By this Method, 
Air is communicated ſo quick and in ſuch Plenty, that 
the Doctor tells us, he himſelf was one of five who were 
together at the Bottom, in nine or ten Fathoms Water, 
for above an Hour and an half at a Time, without an 

Sort of ill Conſequence ; and he might have Peers: 


to the contrary. 


6. In going down, *tis neceſſary it ſhould be very 


keep up, by its Spring, a Balance to the Preſſure of 
the Air in the Bell. Upon each 12 Feet Deſcent, the 
Bell is ſtopp'd, and the Water that enters is driven out 
by letting in three or four Barrels of freſh Air. By 


the Stage) lay the Bottom of the Sea, juſt within the 
Compals of the Bell, ſo far dry, as not to be over-Shoes 
thereon, | | 

7. By the Glaſs above ſo much Light was tranfmit- 


even, that he could ſee perfectly well to write and read, 
and much more to take up any Thing under the Bell; 
and by the Return of the Air-Barrels, he could fend 
up Orders, written with an Iron Pen, on ſmall Pieces 
- Lead, directing they were to be moved from Place ta 
ace, | | 

8. But in dark Weather, when the Sea was rough 
and troubled, it would be as dark as Night in the Bell; 
but then the D 

ing in the Bell, as long as he pleafed ; it being found by 
Experiment, that one Candle conſumes much about the 
ſams Quantity of confined Air as one Man does, viz. 
about a Gallon per Minute. 


there as long as he pleaſed, for any Thing that appeared 


gently at firſt, that the denſe Air may be inſpired to 
this Means, the Doctor ſays, he could (by taking off 


ted when the Sun ſhone, and the Sea was Clear and : 


octor found he could keep a Candle burn- 


You II. | _ ©" gr The 
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Dame Nature for once) put a Piece of chew'd Paper in 
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applied to any Part, the Hring of the Air 
in the Fleſh under the Glaſs does ſtrongly 
act, 


9. The only Inconvenience the Doctor complain'd of 
was, that upon firſt going down they felt a ſmall Pain 
in their Ears, as if the End of a Quil were forcibly 
thruſt into the Hole of the Ear. his may proceed 
from its being ſome Time before the Air can get from 
the Mauth, through the ſmall Canal of the Euſlachian 
Tube, which leads to the inner Cavity of the Ear; 
where, when it comes, it makes an Eguilibrium with the 
outward Air, preſſing on the Tympanum, and thus the 
Pain, for a ſhoxt Time, ceaſes; then deſcending lower 
the Pain of the Ears returns, and is again abated ; and 
ſo on till you come down to the Bottom, where the Air 
is of the ſame Denſity continually, 

10. One of thoſe Divers 25 4 thought to out-wit 


his Ears, which, as the Bell deſcended, was ſo forcibly 
preſſed into his Ears, that it was with great Difficulty 
the Surgeon could extract it. Thus a Bottle with only 
common Airin it, and cork'd down tight, if it be let 
down to a conſiderable Depth of Water, will be found, . 
upon drawing it up again, to have had the Cork forced 
in by the Preſſure of the Water at that Depth. 
11. This Bell was fo far improved by the Doctor, 
that he could detach one of his Divers to the Diſtance 
of 80 or 100 Yards from it, by a Contrivance of a Cap 
or Head-piece, ſomewhat like an inverted Hand- 
Baſket, as at F, with'a Glaſs in the fore Part, for 
him to ſee his Way through. This Cap was of Lead, 
and made to fit quite cloſe about his Shoulders; in the 
Top of it was fix d a flexible Pipe communicating with 
the Bell, and by which he had Air when he wanted, 
by turning the Stop-Cock near his Head-piece. There 
was alſo another Cock at the End in the Bell to pre- 
vent any Accident happening from the Perſon with 
out. | „ a 
12. This Perſon was always well clothed with thick 
Flannels, which were warm'd upon him before he the 
| s 
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act, and by that Means cauſes the Fleſh to 


diſtend and ſwell into the Glaſs, while the 


Preſſure 


the Bell, and would not ſuffer the cold Water to pene- 
trate to hurt him. His Cap contain'd Air enough to 
ſerve him a Minute or two; then by raiſing himſelf 
above the Bell, and turning the Cock F, he could re- 
pleniſh it with freſh Air. This Pipe he coil'd round his 
Arm, which ſerved him as a Clue to find his Way to the 
Bell again. | 
13. This Diving-Bell received its laſt Improvement 
from Mr. Martin Triewald, F. R. 8. Captain of Me- 
chanics and Military Architecture to his Swediſh Ma- 


Jelfy'; the Manner and Form whereof is ſhewn in a 


igure of his own drawing. A, B, is the Bell, which, Plate 
as ap by the Scale of Feet under it, is much leſs XXIX. 
than Dr. Halley's, and therefore will come cheaper. It Fig. 5. 


is ſunk with leaden Weights, D, D, appended at the 
Bottom; the Subſtance of the Bell is Copper, and 
tinn'd within all over; and as in the Rivers and Coaſts of 
the Baltic Sea, the Water is very clear, ſo he has illu- 
minated the Bell with three ſtrong convex Lenſes G, G, 
G, with Copper Lids H, H, H, to defend them, 

14. The Iron Ring, or Plate E, ſerves the Diver to 
ſtand upon when he is at Work; and it is ſuſpended at 
ſuch a Diſtance from the Bottom of the Bell, that when 
the Diver ſtands upright, his Head is juſt above the 
Water in the Bell, and it is much better there than 
higher up in the Bell, becauſe the Air is colder, and 
conſequently more freſh and fit for Reſpiration near the 
_ of the Water, than towards the Top of the 

ell. 

15. But when there is Occaſion for the Diver to be 
wholly in the Bell, and his Head of courſe in the upper 
Part, Mr. Triewald has contrived, that even there, when 
he has breathed the hot Air as long as he well can, by 
Means of a ſpiral Copper Tube 6, c, placed cloſe to 
the Inſide of the Bell, he may then draw the cooler and 


freſher Air from the lowermoſt Parts; to which end a 


flexible Leather Tube, about two Feet long, is fixed to 
N 2 * the 
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Preſſure of the Air on the Parts without the 
Glaſs accelerates the Motion of the Blood 
and Fluids towards the Part where it is di- 
miniſhed or taken off by the Glaſs. 

SINCE we know that Heat augments the 
repellent Power in the Particles of a Fluid, 
and by that Means increaſes its Elaſticity, 
and thereby cauſes it to expand itſelf into a 


large Space; and that Cold has a quite con- 


trary Effect; we learn the Uſe of the THER- 
Mo METER in indicating the various Degrees 
of Heat and Cold in the Air, by the different 
Altitudes of the Spirit of Wine in that In- 


ſtrument. (XCUI.) 
OE | TRR 


che upper End of the Tube at 5, to the other End of 


which is a turned Ivory Mouth-Piece, for the Diver ta 
hold in his Mouth, to reſpire the Air from below by; and 
this he may do in any Poſture of ſtanding, fitting, bow- 
ing his Body, &c. | 

16. I muſt not omit in this Place to mention the In- 
vention of a Gentleman at Newton-Buſhel in Devonſhire, * 


who contrived a large Caſe of ſtrong Leather, to hold 


about half a Hogſhead of Air, and made it perfectly 
Water-tight, adapting to it proper Parts for his 1 and 
Arms, with a Glaſs before; ſo that when he put him- 
{elf into this Cale, he could walk very eaſily about at the 
Bottom of the Sea, and go into the Cabin, and other 
Parts of a Ship in a Wreck, and deliver out the Goods; 


and this Method he practiſed forty Years, and thereby 


acquired a large Fortune, and equal Fame. 
(XCIII.) 1. A THERMOMETER being deſign'd to 
indicate the variaus Degrees of Heat and Cold by the 
elaſtic or expanſive Power of Bodies of the Fluid Sort, 
many Ways, Methods, and Forms of conſtructi 
fuch an uſeful Inſtrument have been thought of, and 
. invented 
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invented at ſeveral Times for this Purpoſe : At firſt Air, 
then Oih, then Spirits of Wine, and laſtly, Quickfibver, 
have been every Way attempted: and tortur'd in this 
Experiment. 


2. The Spring of Air being ſooner affected by Heat 


and Cold than that of any other Fluid, was firſt thought 
upon as the beſt Expedient to anſwer this End; and ſo 
it really would be, were it not that the Weight or Preſ- 
ſure of the Atmoſphere affects it alſo at the ſame time; 
and by acting ſometimes with, ſometimes againſt it, 
renders the Effect by Heat or Cold very uncertain, and 
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therefore the Inſtrument uſeleſs. For Example: The Plate 
Air in the Bottle AF will, by its Expanſion, when the XXIX. 
Air grows warmer, raiſe the Water higher in the Tube Fig. 1. 


than the Point H, and if the Air be lighter at this time, 
it will preſs leſs on the Surface of the Water at H, and 
ſo will ſuffer it to riſe ſtill higher. But if the Air be 
heavier it will act againſt the Spring, and not permit it 
to raiſe the Water ſo high. The fame may be obſerved 
with reſpe& to its Contraction by Cold; wherefore ſuch 
an Inſtrument for common or conſtant Uſe, will not do 
at all; though perhaps none is better calculated for ſome 
extemporaneous Uſes, as meaſuring the Degree of Colds 


neſs in different Cellars, or of Warmth in divers Rooms 


upon the ſame Floor. 
3. It was upon this Account found neceſſary to have 
recourſe to ſome other Fluid, which, ſecured from the 
Preſſure of the Air in a Tube hermetically ſeal'd, might 
expand and contract ſolely by the Heat and Coldneſs of 
the Air about it. And becauſe moſt Fluids are ſubject 
to freeze or thicken in great Degrees of Cold, it was 
ſoon conſider'd that Spirits of Wine, a little tinged with 
Cochineal, would beſt anſwer the Purpoſe, and accord- 
ingly Thermometers were generally made therewith, 

and became of common Uſe. | 
4. Though the Spirit-of-Wine-Thermometers would 
do very well to ſhew the comparative Heat of the Air, 
yet this was far ſhort of the Virtuoſo's Views, who 
wanted to explore the various and vaſtly different De- 
grees of Heat in other Bodies, as boiling Water, boiling 
Oils, melted Metals, and even Fire itlelf, and Degrees 
of Cold too, beyond what the Spirit Thermometer can 
N 3 ſhew. 
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ſhew. For Spirit in a moderate Degree of Heat will 
burſt the Tube; and in an intenſe Degree of Cold will 
freeze, as the French Philoſophers found, who went to 
meaſure a Degree upon the Surface of the Earth under 
the North Polar Circle. 

5. It having been found by Experiment, that Lin- 
ſeed Oil required four times the Degree of Heat to make 


it boil as Water did, it was quickly ſubſtituted inſtead of 
Spirits for Philoſophic Uſes. This Sir Iſaac Newton 
always uſed, and by it diſcovered the comparative De- 


ree of Heat which makes Water boil, which melts 
ax, which makes Spirit of Wine boil, and melts Lin 
and Lead; beyond which we do not find the Oil Ther- 
mometer has been apply'd ; for which Reaſon (as alſo 
for its ſullying the Tube) it has been leſs uſed of late, and 
given way to | 
6. The MERCURIAL THERMOMETER, which will 
ſuſtain any Degree of Heat or Cold, as far as any In- 
ſtrument of this Kind can be expected to do. Mr. Fa- 
renheit, of Amſterdam, was the Contriver of this Ther- 
mometer, and though ſeveral Artificers made them as 
well as he, yet they till go by his Name. Dr. Boerbaave 
uſed only this Thermometer. As the Mercury very 
freely and uniformly expands itſelf from hard Froſt to 
the Heat of Summer, ſo one Sort of thoſe Thermome- 


ters are contrived with a Scale, to include thoſe Ex- 


tremes only, and the Beginning of the Diviſions, or o, 
is fixed to that Altitude of the — Giray as is obſerved 
when Water juſt begins to freeze, or Snow to thaw ; 
for which Reafon that is call'd the Freezing Point in the 
Scale. This Thermometer is ſmall, ſhort, put in a 
neat Frame, and carried in the Pocket any where. 

7. But the Grand - Thermometer of FARENKEIT is 
graduated after a different Manner, as deſtin'd to a 
more critical and extenſive Uſe. In this. the Bulb, or 
large Part at the Bottom, is not ſpherical (as in com- 
mon ones) but cylindrical, to the end that the Heat 
may penetrate and reach. the inmoſt Parts as ſoon as 


poſſible, ſo that the Whole may expand uniformly to- 


ether. Hence it is, that in the cylindric Bulb, the 
luid will expand and riſe immediately ; whereas in the. 
ſpherical Bulb, it is ſeen fuſt to fall. (by the ſudden 
13 Expanſion 
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Expanſion of the Ball, before the Fluid is heated) and 
then to riſe, by the Expanſion of the Fluid when heated. 
J have here given a Figure, both of Farenheit's Mercu- 
rial Thermometer, and alſo of Sir Iſaac Newton's made 
with Linſeed Oil. 


8. J take this of Sir Iſaac's to be the beſt fitted of any Fig · 3. 


for a Standard Heather Thermometer ; and even for any 
Degree of Heat which the various States of the Human 
Body exhibit ; and alſo for thoſe different Degrees. which 
Vegetation requires in the Green-Houſe, Hot-Bed, &c. 
In all which Caſes, tis neceſſary there ſhould be one 
common, unerring, and univerſal Meaſure, or Standard, 
which at all Times, and in every Place, will ſhew the 
ſame Degree of Heat, by the ſame Expanſion of the 
Fluid, according to which the Scale ſhould be made in 
every Standard Thermometer. 

9. In order to this, the Tube propoſed ſhould be very 
nicely weigh'd when empty, and then the Bulb, and 
about a tenth Part of the Length of the Tube above it, 
is to be fill'd with Quickſilver ; then it is to be weigh'd 
again, and the Exceſs of this, above the former Weight, 
will give the Weight of the Quickſilver pour'd in ; this 
will give the Weight of the 100dth Part. Let a Mark 
be made with a File upon the Tube at the Surface of the 
incloſed Quickſilver. 

10. Then weigh out q or 10 Parcels of Quickſilver, 
each equal to 1oodth Part of that firſt put in the Tube, 
and having pour'd the ſeveral Parcels in one after an- 
other upon the incloſed Quickſilver, and marked the Tube 
ſucceſſively at the Surface of each Parcel, you'll have the 
Tube divided into proper Intervals, which, if the Bore 
of the Tube be every where the ſame, will be equal to 
each other; if not, they will be unequal ; and each of 
theſe Intervals is to be divided into 10 others, increaſing 
or decreaſing as the Intervals do. | 

11. When this is done, the Capacity of the Tube 


is divided into Thouſandth Parts of that of the Ball, 


and the contiguous Part of the Tube reaching up to the 
firſt Mark. The Tube is now to be put into a Frame, 
and by the Side of it is to be placed a Scale, divided 
into 7 houſandth Parts, exactly correſponding to thoſe 
N 4 on 
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on the Tube ; and writing 1000 over-againſt the firſt 
Mark, you write 1010 over-againft the ſecond, 1020 
againſt the third, and fo on, as you ſee in the Figure. 

12. The Standard Thermometer-Tube, and its 
Scale, being thus conſtructed, is then to be fill'd with 
ſome proper Fluid, as Linſeed Oil, where great Degrees 
of Heat are not propoſed ; and Mercury is to be uſed, 
when they are. When the Fluid is pour'd in,” it is to 
be adjuſted in ſuch a Quantity, that it may ſtand juſt at 
the principal Point, marked 1000, in Water juf? 2 
And here great Precaution is to be uſed; for many 
Trials muſt determine this Point, to which the Fluid 
muſt always riſe by ſlow Degrees, and with an uniform 
Motion. | a . 

13. When this Point is well ſecured, all the Trouble 


is over. The Ball being then immerſed in Biling Water, 


Spirits, Os, melted Metals, &c. in Snow, Freezing Mix- 
tures, &c. the Expanſions,” by all the various Degrees 
of Heat and Cold, will be ſhewn by the Numbers 
againſt the Heights to which the Fluid riſes in the 
Tube in each Caſe. Theſe are to be wrote on the Side 
of the Scale; and fince the fame Degree of Heat will 


cauſe the ſame Expanſion of the fame Fluid at all 


Times, *tis evident, if "Thermometers were every 
where conſtructed in this — the Obſervations 
made by them in any Part of the World may be com- 


pated together, which cannot otherwiſe be done; 


whence this Part of Philoſophy would receive its final 
Perfection. | | 

14. By one of thoſe Standard Thermometers well 
made, many more might ſoon be conſtructed with any 
expanding Fluid, without the Trouble of graduating 
their Tubes by equal Quantities of Quickſilver, For 


having fill'd the Balls, and a convenient Part of the 


Tube, with the propoſed Fluid, place them all together 


in a Veſſel of cold Water; and while it is warming as 


gently as poſſible, when the Oil in the Standard Ther- 
mometer ſhall arrive ſucceſſively at the ſeveral Diviſions 


of its Scale, at the ſame Inſtant of Time mark the new 


Tubes at the ſeveral Heights of their Fluids, and form 
a Scale for every Tube, that ſhall eorreſpond to thoſe 
Marks. Then, while the Liquors ſubſide by cooling 


gently, 
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gently, examine whether they nicely agree at the ſe- 
veral Marks. To determine the Freezing Point in all, 
they are to ſtand together in the Water till it juſt begins 
to freeze: Or, having all the other Points duly, that 


may be deduced very exactly by the Rule of Pro- 


ortion. | 
t 15. A Thermometer that ſhall vary very ſenſibly by 
every ſmall Variation of Heat and Cold, as thoſe of the 
Atmoſphere, muſt have a large Ball in Proportion to 
the Bore of the Tube; and that the Heat or Cold may 
ſooner penetrate the innermoſt Parts of the Liquor, the 
Ball ſhould not be ſpherical, but oblong and flatted like a 
French Flaſk ; and the Lengths of the Tubes ſhould be 
proportioned to the Degrees of Heat they are intended 
to diſcover, + 3 

16. Sir Iſaac Newton graduated his Standard Ther- 
mometer on both Sides, as ſhewn in the Figure. "Thoſe 
on the Right Hand meaſured the Heat of the Oil; as 
thoſe on the Left meaſured the Bulk thereof : But fince 
the latter, as well as the former, begins from a Cypher 
at the Freezing Point, and is regularly continued up- 
wards by the common Diviſions 10, 20, 30, 40, c. it 
will equally ſerve both Purpoſes ; ſince the Degree of 
Heat will always be proportioned to the Expanſion of 
the Bulk of the Fluid above or below the Freezing 
Point. 

1. By this Diviſion therefore on the Left Hand, I 
ſhall expreſs ſome of the principal Articles ef Sir Iſaac 


Newton's Scale of the various Degrees of Heat, as in the 
Tablet below. 


D „ of Heat. 4 | 
'o© Water juſt freezing, and Snow juſt thawing. 
14 The Heats of the Air in Winter. 


to $ J The Heats of the Air in Spring and Autumn. 


8 3 The Heats of the Air in Summer. 
13 The greateſt Summer- Heat. 1 
20 The greateſt Heat of the external Parts of th 
Human _— | 
31 Water juſt tolerable to the Hand at Reſt. 


364 Water 


by 
„ 5 
Q . | 
* 
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D. of Heat: 


364 Water hardly tolerable to the Hand in Motivfis 


43 Melted Wax juſt growing ſtiff and opake. 
$513 Melted Wax juſt before it bubbles or boils. 
54 Spirit of Wine juſt begins to boil; 


72 Water begins to boil. 


75 Water bails vehemently. 
- 18 A Mixture of 1d of 


muth, melts; 


Lead, + of Tin, and 4 Bif= 


103 A Mixture of equal Parts of Tin and Biſmuth 


melts. 


122 A Mixture of + of Tin and 2 of Lead melts, 
154 The Heat which melts Tin. 

174 The Heat which melts Biſmuth: 

206 The leaſt Heat which melts Lead. 


2909 The Heat with which burning Bodies ſhine in 4 


dark Night. 


410 The Heat of a ſmall Coal-Fire. 
450 The Heat of a ſmall Wood-Fire. 


18. Dr. Hales conſiders the Freezing 


Point as one 


Boundary to Vegetation, viz. on the Side of Cold ; and 
the other Boundary he fixes to that Degree of Heat with 
which Wax will begin to melt, becauſe a greater De- 
gree of Heat will, inſtead of collecting and aſſimilating 
the nutritive Particles, diffipate them, even thoſe which 
are moſt viſcid and glutinous ; and therefore the Plant 
will rather fade than vegetate in ſuch Degrees of Heat. 


19. This Space the Doctor divided into 100 


equal 


Parts in his Thermometers: But his Numbers expreſs'd 
in thoſe of the Standard Thermometer, are for ſeveral 


Particulars mentioned by 


Myrile, 4%; Oranges, 
84; Aloe, 10; Cereus, 


the Glaſs of a Hot-Hed, 1 


the Hot- Bed exceed the 


will ſcorch the Plants and kill them. 


. 


1 3 the 
ea 


the Doctor as follows. 


For 


Ficoides, 74; Indian Fig, 
Euphorbium, 12; Pimen- 
to, 13; Ananas, 14% ; Melon-Thiftle, 154; Air under 


ot-Bed itſelf, 28. If 


t of 40 or thereabouts, it 


The Hear of Milk 


from the Cow is 28, that of Urine 29, and of Blood in 


a Fever nearly 40. 


20. As Farenheit's Thermometer is come into ſuch 


general Uſe, I have here placed it by the Stand 


ard Ther- 
mometer, 


PNEUMATICS 


Tur Moiſture and Dryneſs of the Air are 
ſhewn by the HYGrRoOMETER, which is 
made ſeveral Ways, but that with a Cord is 
moſt common and uſeful; for that by 


ſhrinking with Moiſture will turn an Index 
one Way, and extending with Dryneſs will 


turn it the contrary way, over the graduated 
Limb of a Circle. (XCIV.) (XCV.) , 


I s6HALL 


mometer, that the Diviſions on each may be reduced to 
the other's reſpectively by bare Inſpection, and the Uſe 
of both be ſtill preſerved. If the Reader would fee all 
the different Sorts of "Thermometers, or rather all the 
different Methods of graduating them, he may be fully 
ſatisfied by conſulting Dr. George Martine's Treatiſe on 
this Subject. | | | 

21. To conclude this Head, it muſt be obſerved that 
the Right Hon. the Earl of Cavendiſp has very lately in- 
vented a curious Conſtruction of Thermometers, of two 
different Forms; one contrived to ſhew the greateſt De- 
oree of Heat, and the other the greateſt Cold, that may 
happen in a Perſon's Abſence at any Time. But this 
Improvement cannot be underſtod ſo well by Deſcription 
as by viewing the Inſtruments themſelves. 

(XCIV.) 1. An HyGRoMETER, ſometimes call'd a 
NoTIOMETER, is an Inſtrument or Contrivance by 
which we can eſtimate the Quantity of Moiſture or Va- 
pours in the Air; or by which we can compare the 
various Degrees of its Humidity and Siccity at different 
Times, For this Purpoſe different Subjects have been 
at times efſay'd, but none as yet have been found ſatiſ- 
factory or laſting. 

2. Thus Cotton, Spunge, &c. hung at the end of a 
nice Balance, in an exact ELquilibre, will by contraQtin 
Moiſture from the Air become heavier, which will 
therefore be ſhewn by its deſcending; and when the Air 
becomes drier, it ought to part with the Moiſture and 


become 


— . - 
— * —  , — — 
— 
- 


x8 8 


Plate 
. 
Fig. 6. 
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1 8 HALL finiſh this: ole: with | 
giving you an Account of the Structure 
AE, and 


become lighter; but this it will not readily do, and is 


therefore of little Uſe. Salts have been likewiſe uſed this 


May, but to no Purpoſe, 

3. It would be endleſs to take Notice of all the Me- 
thods that have been attempted by Philoſophers, and moſt 
of them without Succeſs. However, as ſome are better 
than others, and will endure for a conſiderable 'I'ime 
very well, I ſhall here give an Account of ene which is 
the beſt of any I have hitherto thought of. It is made of * 
a String either of Hemp or Cat's-Gut (as all the beſt 


Sort are) and ſhews the increaſing Moiſture of the Air 


by its Twi/fting and Shortening, and the Dryneſs by Un- 


twifting and Lengthening, 


4. Thus let ABC be the lower Part of a twiſted 
Line or Cord, hanging from the Height of the Room 
againſt one Side thereof on the Wall or Wainſcot ; let 
there be deſcribed a large Circle, graduated into 100 
equal Parts, ſuch as KL MN; in the Centre of which 
is a Pin, with a ſmall Pulley I B, carrying an Index 
OP. If now a Cord be put round the Pulley, and a 
ſmall Weight or Ball D be ſuſpended at the lower End 
to keep it ſtraight, then as the Cord gathers Moiſture 
from the Air, it will twiſt and become ſhorter ; the Con- 
ſequence of which will be, that in contracting it will turn 
the Pulley I B, and this by its Index will point to the 
Numbers on the graduated, Circle, which will ſhew the 
Degree of Moiſture or Dryneſs by the Contraction or 
Relaxation of the Cord. WS hes | 

5. Again: If the Ball D hang over the Centre E of 
another graduated Circle C FG H placed horizontally, 
carrying an Index E F upon its Diviſions, it will ſhew 
the ſame Thing by the twiſting and untwiſting of the 
Cord B C, as in the Circle above; ſo that this may be 
looked upon as a Double Hygrometer, and ſo Emple in 
its Structure, that any Perſon may make it; and that 


it will anſwer very well for a conſiderable Time, 1 am 
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and Uſe of the common AlR-PVur, and 
of one of a new Invention of my own. 
3 The 


b 
fully ſatisfied by Experience: And I believe a better 
than this was never made. k 
Note, In the Conſtruction of my Aerometrum Mags 
num, or Triple Weather-Glaſs, I have a Barometer, 
Thermometer, and Hygrameter, all in one Frame; all of 
the beſt Sort; which makes a Piece of Furniture equal, - 
ly uſeful and elegant. N EA ; 
(XCV.) 1. There remains yet one more Pneuma- 
tic Machine to be deſcribed, which has made confider= - — 
able Noiſe in the Philoſophic World, but has never 
been of any Uſe in Civil Life; I mean, the famous 
Invention of the AikR-Gun, of which there are two 
Sorts; one the Common Air- Gun, the other the Maga- 
zine Air-Gun : Of both which I ſhall give the follow- 
ing ſhort Account. | | 
2. The Common AiR-GuN is made of Braſs, and Plate 
has two Barrels; the Inſide Barrel K A of a ſmall XXX. 
Bore, from which the Bullets are ſhot ; and a larger Fig. 1. 
Barrel ECDR on the Outſide of it. There is a . 
Syringe S MNP fixed in the Stock of the Gun, by 
which the Air is injected into the Cavity between the 
two Barrels through the Valve E P. Che Ball K is 
put down into its Place in the ſmall Barrel with the 
Rammer, as in another Gun. At S Lis gnother Valve, 
which being drawn open by. the Trigger O, permits 
the Air to come behind the Bullet, ſo as to drive it out 
with great Force. g 
3. If this Valve be open'd and ſhut ſuddenly, one 
Charge of condenſed Air may make ſeveral Diſcharges 
of Bullets; but if the whole Air be diſcharged on one 
de Bullet, it will drive it out more forcibly. This 
Diſcharge is effected by Means of a Lock & / placed 
here, as uſual in other Guns; for the Trigger being 
pull'd, the Cock & will go down, and drive a Lever , 
that will open the Valve, and let in the Air upon the 


Bullet K. 
4. The 


— 


Plate 
XXX, 
Fig 2. 
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The common or large Air-Pump is repre- 
ſented where aa, a a, are the two Braſs 
Barrels, 


4. The Magazine Am-Gu is the Invention of an 
ingenious Artiſt, whoſe Name is L. Calbe. By his 
Contrivance ten Bullets are fo lodged in a ie 
near the Place of Diſcharge, that they may be drawn 
into the Shooting Barrel, and ſucceſſively ſhot ſo faſt 
as to be nearly of the ſame Uſe as ſo many ſeveral 
Guns. In the Figure you have a Section of the Gun 
as big in every Part as the Gun itſelf ; and ſo much 
of the * as is neceſſary to form a compleat Idea 
of the Whole. | 

5. AE E is Part of the Stock; G is the End of the 
Injection Syringe, with its Valve H opening into the 
Cavity between the Barrels, as before. K K is the 
ſmall Shooting Barrel, which receives the Bullets from 
the Magazine E D, which is of a ſerpentine Form, and 
cloſed on the End D when the Bullets 5, 6, 5, 6, are 
lodged in it. The circular Part sI s Mi is the Key of 
a Cock, having a cylindric Hole through it I K, which 
is equal to the Bore of the ſmall Barrel, and makes a 
Part of it in the preſent Situation. 

6. When the Lock is taken off, the ſeveral Parts 
N R, T, 8, W, Cc. come into View, by which 

leans the Diſcharge is made by puſhing up the Pin 
Pp, which raiſes and opens a Valve V, to let in the 
Air againſt the Bullet I from the Cavity F, F, F; 
which Valve is immediately ſhut down again by Means 
of a long Spring N N of Braſs. This Valve V be- 
ing a conical Piece of Braſs, ground very true in the 
Part which receives it, will of itſelf be ſufficient to con- 
fine the Air. 

7. To make a Diſcharge you pull the Trigger x z, 


which throws up the Seer y x, and diſengages it from 


the Notch x, upon which the ſtrong Spring W W moves 
the Tumbler T, to which the Cock is fix'd. This 
by its End u bears down the End v of the tumbling 
Lever R, which by its other End m raiſes at the ſame 


time the flat End J of the horizontal Lever Q * 
| * 


PNEUMATICS. 191 


Barrels, in which the Piſton cc, cc, move 
by Chains faſten'd to each of them, and 
to 


—ͤ—G— — — 


by this Means, of courſe, the Pin P p is puſh'd up, 
which ſtands upon it, and thus opens the Valve V, and 
diſcharges the Bullet. 1 his is all evident from a bare 
View of the Cur. 

8. To bring in another Bullet to ſucceed I inſtanta- 
neouſly, there is a Part called the Hammer H, which 
by a ſquare Hole goes on upon the ſame ſquare End of 
the Key of the Cock, and turns it about ſo as to place 
the cylindric Bore of the Key 1 K in any Situation re- | 
quired, Thus when the Buller is in the Gun, the | 
Hammer ftands as in the Figure, where the Bore of | | 

the Key coincides with that of the Barrel K K; but plate 
when the Ball is diſcharged, the Hammer H is inſtantly XXX. 
brought down to ſhut the Pan of the Gun, by which Fig. 3. FY | 
Motion the Bore of the Key is turned into the Situation | 
i H ſo as to coincide now with the Orifice of the Ma- 
gazine 3 and upon lifting the Gun upright, the Ball 
next the Key tumbles into its Cavity, and falls behind 
two ſmall Ends 35, of two tender Springs, which like 
Fingers Ends detain it. "The Key in this Poſition is 
ſeen in the Figure. Then opening the Hammer again 
the Bullet is brought into its proper Place near the diſ- 
charging Valve, and the Bore of the Key makes again 
a Part of that of the Shooting Barrel. 

9. It evidently appears how expeditious a Method 
this is of charging and diſcharging a Gun; and were 
the Force of condenſed Air as great as that of Gun- 
wder, ſuch an Air-Gun would actually anſwer the 
nd of many Guns, and prove the beſt Defence againſt 
Highwaymen or Robbers that People are aware of ; be- 
cauſe when they have Reaſon to ſuſpect them, they 
might then make five or fix Diſcharges before the Thief 
can come within Piſtol-ſhot. | 
10. In the Air-Gun, and in all other Caſes where 
the Air is required to be condenſed to a very great De- 
ree, it will be requiſite to have the Syringe of a ſmall 
Dore, Viz. not excceding J an Inch in Diameter; be- 

| 1 | cauſe, 


—B — . 22 — — —— — r — 
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to a Wheel moving on the Axle , when 


the Engine is put into Motion by the 


Winch 5 5. g g, g g, are two Pillars or 
Pieces of Wood ſupporting the Frame of 
the Pump-Wheel, which is ſcrew'd upon 
them by Nuts under the little Pieces of 
Wood e, ee. The Tube or Pipe marked 
55 1s called the Swan-Neck, made of Braſs: 
By this the Air paſſes from under the Re- 
ceiver 0 0, through a ſmall Hole & in the 
Middle of the Braſs Plate 7/ ; on the Top 
of the Pump, to a Braſs Piece in the Box 
d d, which being perforated length-ways, 
to the Middle Point under each Barrel, does 
there, through a ſmall Hole, by a Bladder- 
Valve, tranſmit the Air from the Receiver 
into each Barrel to be pump'd out by paſ- 
ſing through the Hole in the deſcending 

Piſton, 


cauſe, as has been ſhewn, the Preſſure againſt every 
| ſquare Inch is about 15 G. and againſt every circular Inch 


it is therefore about 1246. If therefore the Syringe be 
one Inch in Diameter, when one, Atmoſphere is injected, 
there will be a Reſiſtance of 12 16. againſt the Piſton ; 
when 2, of 24 l.; and when 10 are injected, there 
will be a Force of 120 lb. to overcome; whereas 10 
Atmoſpheres act againſt the circular Half-Inch Piſton 
(whoſe Area is but 4 Part ſo big) with a Force but a 
2 Part fo great, viz. 30 Ib.; or 40 Atmoſpheres may 
be injected with ſuch a Syringe, as well as 10 with the 
other. In a Word, the Facility of Working will be 
(ceteris paribus) inverſely as the Squares of the Diame- 
ters of the Syringe, | | | 


4 
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Piſton. Theſe Holes in the Piſtons and 


Bottoms of the Barrels are cover'd with 
Valves, to prevent the Return of the Air in- 
to the Receiver. III is the Mercurial Gage, 
or common Barometer, immerſed in a Ba- 
ſon of Mercury m m fix'd in the Bottom of 
the Frame, and at Top communicates with 
the Receiver, which therefore ſhews how 
much the Receiver is exhauſted by the Ri- 
ſing of the Mercury in the Tube, by a 
graduated Scale affixed thereto. The Stop- 
cock nn, alſo, communicates with the Re- 
ceiver, and conſequently with the Swan- 


Neck and Mercurial Tube: Its Uſe is, by 


turning the Cock, to re- admit the Air, 
when there is Occaſion. The Receiver is 


ground true on the Bottom, and is fixed 


on the Pump at firſt by Means of wetted 
Leathers to exclude the Air, inſtead of Ce- 
ment formerly uſed for that Purpoſe. 

Bur with how much more Conveniency, 
and leſs Expence, Pneumatical Experi- 
ments of all Kinds may be perform'd, by 
a New, Elegant, and Portable Air-Pump, 
which I have lately contrived and made, 
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will be eaſy to apprehend from a bare View Plate 
of the Figure thereof: In which AB is XXII. 
the Head or Part containing the Wheel, Fig. 5. 


which alternately raiſes and depreſſes the 
Vor. II. O Piſtons 


> 
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Piſtons C D in the Barrels EF, which are 
ſtrongly preſs'd down by the ſaid Part AB, 
ſupported on the two Pillars GH, fix'd 
into the Bed or Bottom of the Machine 
IK L. On this Bottom ſtands the Receiver 
MN on a large ſmooth Braſs Plate, in the 
Middle whereof is a Hole, by which the 
Air paſſes out of the Receiver into a ſmall 
Tube on the under Part of the Frame, 
and goes to the Piece O, which communi- 
cates with the perforated Braſs Piece on 
which the Barrel ſtands, and from which 
they receive the Air to be exhauſted. On 
the middle Part of this Braſs Piece 1s a 
Perforation, over which is placed a ſmall 
Receiver PQ , and under it a Baſon of 
Mercury R, in which a ſmall Tube R S 
(hermetically ſealed at one End, and fill'd 
with Quickſilver) is inverted; and there- 
fore as the ſmall Receiver P Q is exhauſted, 
(at the ſame Time with the large one MN) 
the Approach of the Vacuum will be ſhewn 
by the Deſcent of the Quickſilver in the Tube 
RS. By the Stop-Cock T the Air 1s again 
let into the Receiver. I take this to be 
the Iaſt Improvement this Machine is capable 
of, as to its Form; for it conſiſts of only 
ſuch Parts as are eſſential. And thus con- 
ſtructed, it may, together with its Re- 

| ceivers, 
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and comes to but a ſmall Price in compariſon. 


of the other Forms, (XCVI.) 
The 


(XCVI.) 1. I ſhall conclude this Subject with a few 
Articles relating to the Rarefaction of the Air in the 
Recipient in working the Machine; for the Reader muſt 
not ſuppoſe that all the Air can be exhauſted, if the 
Pump be ever fo good, or worked ever ſo long. The 
Reaſon is evident when we conſider, that the Air which 
is exhauſted is only puſhed out by the Spring of that 
which remains behind : If therefore every Particle were 
ſuppoſed to be exhauſted, the laſt would be expell'd 
without an Agent, or there would be an Effect without 
a Cauſe, which is abſurd. 

2. Let the Capacity of any Receiver be to that of 
the Barrel as C to 1. Alſo ſt the Rarefaction of the 


Airas R to 1, after any Number of Turns or Ex- 
ſuctions N. Then, upon raiſing the Piſton, the Air 
will ruſh into the Barrel, and fo will now be rarified in 


the Ratio of C to C +1, or of 1 to —& HF and fince 


tis evident it will be the common Ratio of a Geometri- 

cal Series of Rarefactions produced by the ſeveral Turns 
; Ti Cx 

of the Winch, viz. The Series : - od Dan het 


5; 6, © 
the Series, which therefore as it expreſſes the laſt Rare. 


. . 5 C + 1]N 
faction, will be equal to R, that is, R = * 


3. Hence ſrom the known Property of Logarithms we 
have L.R =N XL. 5 =N x L. CTI-L. C; 


whence, 1 N. Wherefore if C g 1, 


L.C + 1—-L.C 
O 2 that 


celvers, be contain'd in a Box of a ſmall Size, 


Air which remains in the Receiver be to the common 


this is the Ratio of the Rarefaction by every Exſuction, 


193 


ow ————_——  - ˙— 


- 


PNEUMATICS. 


that is, if the Capacity of the Receiver be equal to that 
of the Barrel, weſhall have N = 1 Conſequently, 


if R expreſs any Degree of Rarity propoſed, as 1, 2, 3, 4, 
5, 6, &c. we have N the Number of Turns or Exſuc- 
tions to effect it. | 

4. And from hence the following Table is conſtruct- 
ed ; in which the firſt Column expreſſes the Rarity of the 


Air in the Receiver, and the ſecond the Number of Turns 
to produce it. 


ttt 


COR Ae . 
Turns. : 


Turns, 


Wy Number of 


tRari'y. 
| 4 Turns. 


| 


VR | 
„„ v0 5,907 900 9,814 

14 2 104 6. 1000 | 9,966 
„585 | 70 | 6,129 | 1024 | 30. 


1 
$ 


I 

2 

3 I 

4 2 | 

0 2,322 90 6,492 2048 11. ; 
| 2,585 | 100 6,044 3000 11,551 

7 | 2,807 | 128 | 7. | 4000 | 11,966 

3. 200 1044 4096 | 12. 

9 3,170 | 256 $i 

10 | 3,322 | 300 8,229 | booo | 12,551 | 

16 4. 400 8,644 7000 12773 | 

| 20 4322 | 500 8,966 | 8000 | 12,96 
30 | 4907 | 512 | 9. 8192 | 13. 

32 5. 600 9,229 | 9000 | 13,136 | 

40 | $,322 | 700 9,451 [10000 | 13,288 

_50_| 5,644 | 800 | 9,644 116384 | 14. | 


* 


5. From this Table we may obſerve, that if any 
Numbers in the firſt Column be taken in Geometrical 
Progreſſion, the correſponding Numbers of the ſecond 
will be in Arithmetical Progreſſion. Thus againſt 2, 4, 


8, 16, in the firſt, you ſce 1, 2, 3, 4, in the ſecond 
Column. | 


6. When the 7 of the Receiver exceeds that 
of the Barrel, then the Number of Turns N to pro- 


Auce a given Rarefaction R will be greater than before. 


Therefore if the Number of Turns in this particular 
wo Cale, 


Caſe, which let us call n, be multiplied by ſome Num- 
ber u, it will produce a Number of Turns N that ſhall 
affect the RarefaRion R in any Receiver prunes "2x 
 mXxL. 


ſince 1 = TD we ſhall have u X mM a 


N = 
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L.R 


L. 2 


Camo 


LST e 


whence we have m = 


7- From hence a Table of Multipliers exprefling the 
Value of m, when the Receiver is in any given Propor- 


tion larger than the Barrel, is eaſy to be conſtructed, 
Of which the following is a Specimen, 


/ 


_— 


Capaci ty Capacity Capaci 5 
| of Re-| Multiplier. ] of Ke. Multiplier. of Re- Multiplier. | 
cerver. | cerver CeUVers 
1 | r. | 20 | 14,207 | 300 [208,291 | 
2 | 1,710 | 30 | 21,139 | 400 277, 605 
3 2,4 40 | 28,071 500 [346,920 
5 3510 50 | 35,003 | 600 [416,225 
1 3 3,802 | 60 | 41,934 00 [485,549 
6 | 4497 | 70 | 48,866 00 554,864 
7 | $191 | 80 | 55,798 | goo [624,179 | 
8 | 5,885 | go | 62,729 | 1000 [693,494 
Q | 6,579 | 100 | 69,661 8 
10 | 7,273 | 200 138, 976 1 


8. By Means of theſe two Tables, thoſe who know 
nothing of Algebra may find how many Turns are ne- 
ceſſary to rarify the Air in the Receiver to any given 
Degree, when the Ratio of the Receiver's Capacity ta 
that of the Barrel is known. For Example; Let the 
Receiver be 10 times as big as the Barrel, and let it be 
required to find how many Turns of the Winch will 
rarify the Air 100 times. Firſt ſeek the Number that 
will do it when the Receiver is equal to the Barrel; 
which I find by the firſt Table is 6 Turns, and 644 
Parts of 1000 of another. 

O 3 ſecond 


Then, againſt 10 in the | 
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ſecond Table, I find the Multiplier 7,273. by which if I 
multiply 6,644, I ſhall have a Product 48,322, which 
will expreis the Number of Turns required. 

9. The Aſcent of the Quickſilver in the Gage of the 
Common Pump is proportional -to the Quantity of Air 
drawn out, either upon the Whole, or upon any ſingle 
Turn of the Winch: And the Deficiency from the 
Standard Altitude of 294 Inches is always proportional 
to the Quantity of Air remaining in the Receiver; as 
may be eaſily deduced from what has been ſaid of the 
Denſity, Spring, and of, 6's of the Air. | 
10. The Gage of a Condenſer will have the Spaces 
unpoſleſs'd of Quickſilver at the End decreaſing in Har- 
monical Proportion: For ſince equal Quantities of Air 
are injected by the Syringe at each Stroke of the Piſton, 
the Quantity of Air in the Condenſer will increaſe in 
Arithmetical Progreſſion, and ſo will its Denſity, and 
of courſe the Denſity of that in the End of the Gage, 
becauſe the Quickſilver is preſſed on each Side ef ; 
but the Spaces diminiſh as the Denſities increaſe, as we 
have elſewhere ſhewn. Therefore the Spaces are in- 
verſely as a Series of Terms in Arithmetical Progreſſion, 
and conſequently are in Muſical Proportion; for that this 
is a Property of Muſical Terms will be ſhewn in An- 
notat, CIX. 
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LECTURE vl. 


The Doctrine of Wins and Souxps. 


Of Wixv in general. The Tutory of 
Winds e Dr. HaLLEY. Of the conſtant, 

or Genera! TRADE WINDS; of the Mor- 

SOONS ; the Cauſe of VARIABLE WINDS. 

Of Arriar, Tipss. Of the VELocity 

of Wind. Of the MouENTUNMe FoRCE 

of Wind. A CALCULATION thereof, and 

its APPLICATION 70 the SAILS of a W1ND- 

MILL. The beſt Fox and Pos1TION of 

the Salls. A CALcuratION of the 

FoRCE of BELLOws in impelling W1ND. 

A new Invention of WATER-BELLOWS. 

The Nature of SouND in general. The 
SENSATION of SOUND. The ORGAN OP | 

. HeariNG deſcribed. Of the Waves or | 
PULSES of AIR. Their various PROPER> 
+TIES explained. The NEWTONIAN Doc 
TRINE of VIBRATIONS and TREMORS of | 
,SOUNDI NG BoDIEs explained. The W Aves 
"of Wart accounted for: Of the VxLo- 
CITY of SOUNDS. The DISTANCE 0 
which they may be heard. Of EchOE \ 
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what we call Mind. (XCVII.) 


Of WinDs ana SOUNDS. 


Of the SPEAKING TRUMPET of the beft 
Form, Of OTacovsTic INSTRUMENTS. 
Of the NoTE, Tone, or Tux RSH SOUNDS. 
Of Coxncorps and DiscorDs ; the Ra- 
TIONALE of the DIATONIC SCALE of 
Music. The Mathematical Tyrory of 
Mvus1c ar CHoRDs, and of Harmonic 
Proror TIONS. Of the Sympathetic Vi- 
BRATIONS of MUSICAL STRINGS, and 
other Bodies. 


N this Lecture I ſhall conſider the Na- 
ture of WIND and SoUND in general 
and of the Vibrations of Muſical Strings and 
Sonorous Bodies, with regard to the Science 


of MUSIC. 
WIND is a Stream or Current of Air: 


As the Air is a Fluid, its natural State is 
that of Re, which it endeayours always to 
keep or retrieve by an univerſal Equilibrium 
of all its Parts, When, therefore, this na- 
tural Equilibrium of the Atmoſphere hap- 
ow by any Means to be deſtroyed in any 
art, there neceſſarily follows a Motion of 
all the circumjacent Air towards that Part, 
to reſtore it ; and this Motion of the Air is 


Haxcs 


(XCVIIL.) 1. I ſhall here give the principal Pheno- 
mena of the Wind, as they are deduced from Dr. 


Halley's admirable Hiſtory thereof in the Philoſophical 


Tranſaftiqng, 


Of Winvs and SounDs, 


HENCE, with reſpect to that Place where 
the Equilibrium of the Air is diſturb'd, we 
e ſee 
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Tranſactions, and illuſtrate the ſame by his Map of the 
World drawn up for that Purpoſe. | - 
2. The firſt is, That in the great Pacific or Weſtern pi | i 
Ocean, the Atlantic and Ethiopic Seas, there is a general XXXI. 8 | Hi 
Eaſterly Wind all the Year long, without any conſi- | 
derable Variation; excepting that it is ſubje& to be de- a | 
flected therefrom ſome few Points of the Compaſs to- 
wards the North or South, according to the Situation 
of the Place. The Reaſon is, becauſe the Parts under- 8 
the Equator are more heated and rarified than any others, 
as abovementioned. | | 

3. The ſecond is, That on each Side the Equator, | | 
to about 27 or 30 Degrees, the Wind does more and | 
more decline from the Eaſt to the North-Eaſt on one 
Side, and South-Eaſt on the other; occaſion'd by the 
two contrary Motions of the Air, ariſing from Heat and 
Cold, as above explain'd. Theſe Winds are indicated 
by the Poſition of the Arrows in the Atiantic and Pacific - 
Ocean in the Map. - 

4. Towards the Caribbee Iflands, on the American 
Side of the Atlantic Ocean, the aforeſaid North-Eaſt 
Wind becomes till more and more Eaſterly, fo as 
ſometimes to be Eaſt, ſometimes Eaſt by South, but 
moſtly Northward of the Eait a Point or two, ſeldom 
more. It is likewiſe obſerved, that the Strength of theſe - | 
pri does gradually decreaſe as you fail to the Wel:- 1: 

5. All along upon the Coaſt of 4/rica on the Weſtern 
Side, the Wind ſets in upon the Land from various 
Points of the Compaſs, North-Weſt, Weſt, Soutu by 
Weſt, South-Weſt, and almoſt South, eſpecially to- | 
ward the Cape of Good Hope, all which':s catily ſeen in 
the Map. | - 

6. In the Atlantic Ocean, towards the North of the 
Line, between 4 and 10 Degrees of Latitude, and 20 
and 30 of Weſt Longitude, there is a I ract of Sea 
where the Winds are not properly ſaid to be co nt or 
variable; for it ſeems to be condemned to. perpetual 
Canis, 
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ſee the Wind may blow from every Point 
of the Compaſs at the ſame Time; and 
thoſe who live Northwards of that Point 
have a North Wind ; thoſe who live South- 
wards, a South Wind; and fo of the reſt : 
But thoſe who live on the Spot, where all 
thoſe Winds meet and interfere, are opprefled 
with turbulent and boiſterous Weather, 
Whirlwinds, and Hurricanes ; with Rain, 
Tempeſt, Lightning, Thunder, &c. For 
ſfulphureous Exhalations from the South, Tor- 
rents of Nitre from the North, and aqueous 
Vapours from every Part, are there confuſed- 
ly huddled and violently blended together ; 
and rarely fail to produce the Phenomena 


abovementioned. 
Many 


Calms, attended with terrible Thunder and Lightning, 


and Rains fo frequent, that our Navigators from hence 
call this Part of the Sea the Rains, as by others they 
are called the CALMs and TokNApoks, as in moſt of 
our common Maps. The Reaſon of this ſeems to be, 
that this being the Place where the Eaſterly and Weſterly 


Winds commence, the Air is divided and held as it were 


in Equilibrio between both; by which Means it is ren- 
der'd more rare than the reſt, and too light to ſuſtain 
the Vapours raiſed into it, ſo that it lets them deſcend 
in continual Rains. See the Parting of the Air in the 
Map. | 
-4 In the Indian Ocean the Winds are partly Gene- 
ral, as in the Atlantic and Ethiopic Oceans; and partly, 
Periodical, that is, ſuch as blow One-half of the Year 
one Way, and the other Half of the Year near upon 
the oppoſite Points: And theſe Points and Times of 
Shifting are different in different Parts of this _— 
& | Theſo 


Fd 
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Many are the particular Cauſes which 
produce Wind by interrupting the Equi- 
poiſe of the Atmoſphere ; but the moſt ge- 
neral Cauſes are two, vis. HEaT, which, 
by rarifymg the Air, makes it Ig hier in ſome 
Places than it is in others; and CoLD, 
which, by condenſing it, makes it Heavier. 


Hence it is, that in all Parts over the Torrid 


Zone, the Air being more rarified by a 
greater Quantity of the Solar Rays, is much 
lighter than in the other Parts of the At- 
moſphere, and moſt of all over the Equa- 
torial Parts of the Earth. And ſince the 
Parts at the Equator are moſt rarified 
which are near the Sun; and thoſe Parts 
are, by the Earth's diurnal Rotation Eaft- 
ward, continually ſhifting to the Heſt; it fol- 

lows, 


Theſe Winds are called by Seamen Monſons or Mon- 
ſeons. 

8. Between 10 and 30 Degrees, from rs ws to 
New- Holland, the general Trade-Winds about South- 
Eaſt by Eaſt are found to blow all the Year long in the 


ſame Manner, and for the ſame Reaſons as in the other 


Oceans abovementioned. 

During the Months of May, June, 654055 Auguſt, Sep- 
tember, October, the aforeſaid South-Eaſt Winds extend 
to within two Degrees of the Equator; after this, for 
the other ſix Months, the contrary Winds ſet in, and 
blow from the North-Weſt from the Latitude of 3 to 10 
Degrees South. | . 

10. From about three Degrees South Latitude, over 
all the Arabian and Indian Seas, and Gulph of Bengal, 
from Sumatra to the Coaſt of Africa, there is another 


Monſoon, blowing from October to April on the W 
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lows, that the Parts of the Air which lie 
on the Meſt Side of the Point of greateſt 
| Rare- 


Eaſt Points; but in the other Half-Year, from April to 
October, from the oppoſite Points of South-Weſt and 
Weſt-South-Weſt, and that with rather more Force 
than the other, accompanied with dark rainy Weather, 
whereas the North-Eaſt blows clear. 

11. The Sea between Madagaſcar and Africa, and 


South wards to the Equator, is ſubject to the ſame Change 


of Wind, or Monſoons, whoſe Courle from April ta 
October is South-South-Weſt; which, as you go more 
Northerly, becomes more and more Welterl , till at 
laſt they fall in with the Weſt-South-Weſt Winds 
mentioned in the laſt Articles, What Winds blow the 
other Half-Year in thoſe Parts, the Doctor could not ob- 
tain any ſatisfactory Account of; only that they were 
Eafterly, and as often to the North as to the Southward 
thereof. | 

12. To the Eaſtward of Sumatra and Malacca, on 
the North Side of the Equator along the Coaſt of Cam- 
boa and China, the Monſoons blow, and change at the 
ſame times as before; only their Directions are much 
more Northerly and Southerly than the others, - as is caſy 
to obſerve in the Map. Theſe Winds reach to the 


Philippine lands Eaſtward, and to Japan Northwards; 


and are not ſo conſtant to their Points as the others 
abovementioned. | 
13. Between the ſame Meridians, on the South Side 
the Equator, from Sumatra to New Guinea Eaſtward, 
the ſame Northerly and Southerly Monſoons are obſerv- 
ed; only the Northerly are here North-weſterly, and 
the Southerly blow fram the South-Eaſt. They are 
not more conſtant than the others; and beſides, they 
keep not the ſame Times, but change a Month or fix 

Weeks later, INE 
14. The Shifting of theſe contrary Winds, or Mon- 
ſoons, is not all at once; and in ſome Places the Time 
of the Change is attended with Cams, in others with 
variable Winds, and particularly thoſe of China, at 
ecaſing to be Weſterly, are very ſubject to be tempeſtu- 
| ous ; 


Of Winds and SounDs, 
Rarefa#ion, and, by flowing towards it, 
meet it, have leſs Motion than thoſe Parts 

on 


ous z and ſuch is their Violence, that they ſeem to be 
of the Nature of the Veſi-India Hurricanes, and render 
the Navigation of thoſe Parts very unſafe at that Time 
of the Year. Theſe Tempeſts the Seamen call the 
Breaking-up of the Monſoons. : 
15. The Cauſe of the Monſcons, or periodical 
Winds, is owing to the Courſe of the Sun Northward 
of the Equator One-half of the Year, and Southward 
the other. While he paſſs through the ſix Northern 
Signs of the Ecliptic, the various Countries of Arabia, 
Perſia, India, and China are heated, and reflect great 
Quantities of the Solar Rays into the Regions of the 
ambient Atmoſphere, by which Means it becomes 
greatly rarified : and has its Equilibrium of courſe de- 
{troyed ; to reſtore which, the Air, as well from the 
Equatorial Parts Southwards, where it is colder, as 
from the colder Northern Climes, muſt neceſſarily have 
Tendency or Motion towards thoſe Parts, and fo pro- 
duces the Monſoons for the firſt ſix Months, during 
which Time the Heat of thoſe Countries is greateſt. 
16. Then for the other fix Months, the Sun tra- 
verſing the Ocean and Countries towards the Southern 
Tropic, while in the ſix Southern Signs, cauſes the Air 
over thoſe Parts to be now moſt heated and rarified; 
and conſequently the Equatorial Air to alter its Courſe, 


or the Winds to veer quite about, and blow upon the 


oppoſite Points of the Compaſs. 

17. Theſe are the general Affections of conſtant and 
regular Winds; none of which are found not ſub- 
ject to ſome Variation and Exception, on account of the 
different Circumſtances of Heat, Cold, Land, Water, 
Situation, Sc. concerning all which I ſhall refer the 
Reader to the Doctor's own large hiſtorical Account of 


the Winds, publiſhed in the Tranſactions, or Miſcel- 
lanea Curioſa, Vol. J. 


18. From what has been ſaid, tis eaſy to underſtand, 
that ſince ſo large a Portion of the Atmoiphere as 
0 is 
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on the Eaſt of the faid Point, which follow 
it; and therefore the Motion of the Eaſt- 
ern 


ö | : is over the Torrid Zone, and' Parts about it, is in 
| ſuch continual Agitation and alternate Motion, thoſe 
Wy Agitations in an elaſtic Fluid muſt extend every way 
"i to a great Diſtance, and produce Effects of the ſame 
= Kind in a various Manner ; by which Means the Air 
x in all other Latitudes and Climes will ſuffer a Pertur- 
"=" bation more or leſs, and have a perpetual Tendency to 
; 3 Motion in various Directions, depending on the Situa- 
| tion of Country, the Degrees of Heat and Cold in the 
Climate, the Poſition of Hills, Vales, &c. beſides 
what may be owing to the Accenſion and Exploſion of 
Meteors, the Eruption of ſubterranean Air, and a 
hundred other Cauſes : I ſay, from all this it is eaſy to 
infer, that our Climate, wherever we live, muſt neceſſa- 
rily be attended with variable Winds, almoſt perpetual:y, 
19. 1 ſhall only add farther, that ſince the Atmoſ- 
phere is a gravitating Fluid Subſtance, it muſt be ſubject 
to the attracting Power of the Sun and Moon, as well 
as of the Earth ; and therefore when the Influence of 
thoſe. Luminaries, either {ingly or conjointly, is oppo- 
lite to that of the Earth, the ſame Effects muſt follow 
in the Body of fluid Air, as we have ſhewn were 
oduced in the ambient Fluid of Water, viz. that the 

Atmoſphere ſhall be of an oblong Figure, or of diffe- 
rent Altitudes in different Parts; and that theſe Tides of” 
Air have nearly all the ſame Affections with thoſe of 
the Ocean before explain'd, excepting only in this, that 
they muſt be as much greater as the Denſity of Water 
exceeds that of Air, viz. in the Ratio of 860 to 1. 

20. Now becauſe of an Equality of Preſſure or Weight 
in the Atmoſphere in unequal Altitudes of Air, we can 
never be ſenſible of an Aerial Tide, either of Ebb or 
Find, by the Barometer; and can only know it by the 
Poſition of che heavenly Bodies. However, as this pro- 
digious Protuberance of the Atmoſphere is conſtantly 

following the Moon, it muſt of courſe produce a Mo- 
tion in all Parts, and ſo produce a Wind more or leſs to 
every Flace, which, as it conſpires with, or is oppoſed 
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ern Air would prevail againſt that of the 
Weſtern Air, and fo generate a continual 
Eaft Wind, if this were all the Effects of 
that Rarefaftion. But we are to con- 
ſider, that as all the Parts of the Atmoſ- 


phere are ſo greatly rarified over the 


Equator, and all about the Poles great- 
ly condenſed by, extreme Cold, this hea- 
vier Air from either Pole is conſtantly 
flowing towards the Equator, to reſtore the 


Balance deſtroyed by the Rarefactian and 
Levity of the Air over thoſe Regions: 


Hence, in this, Reſpect alone, a conſtant 
North and South Wind would be generated. 
(XCVIII.) 


Now 


to the Winds ariſing from other Cauſes, makes them 
greater or leſs. And I believe ſomething of this ma 


be deduced from Obſervations made of the State of the 


Air at the Times of the New and Full Moons. And that 
this was the Caſe in reſpect to the two laſt great Storms, 
Dr. Mead has obſerved in his Tract De Imperio' Salis 
& Lung. | 


(XCVIII.) 1. I find by Experience, that People have 
in general but an obſcure Idea or confuſed Notion of 
the Cauſe of this perpetual Current of Air from Eaft to 
Weſt, or of a conſtant Eaſt Wind under the Equator ; 
therefore in order to elucidate this Matter, I ſhall repre- 
ſent it in, and explain it by a Figure. Let CB A D 
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| | exp E Plate 
be Part of a Section of the Atmoſphere over the Equa- FX X11, 


tor, C the Eaſt, E the Weſt, A the Point to which the Fig. 1. 


dun 8 is vertical, and R the Point of greateſt Rarefac- 


tion, or that where the Air is moſt of all heated, and 


conſequently lighteſt. 
2. That 
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Now it is eaſy to underſtand, that by a 
Compoſition of theſe two Directions of the 
Foy | Air 


2. That this Point R is on the Eaſtern Side of the 
Point A is not difficult to be conceived, when what is 
ſaid concerning the Tide in Annot. LXXXIV. is well 
conſider'd. And becauſe the Air at R is by Suppoſi- 
tion lighter than where it is colder at C and D, it is 
plain that, in order to maintain an Equilibrium, (which 
is neceſſary in a fluid Body) the Air by its greater 


Weight will have a Tendency from C and D towards 


R, and riſe to a Height there greater than at C or D, 


in Proportion as its Denſity is leſs. 
3. Now this being the Caſe, it is evident, the Sun 


being always between the Points R and D, will be 


heating the Air on that Part; and thoſe Regions be- 
tween R and C, having been deſerted by the Sun, will 
grow cold : Conſequently, the Air between C and R, 
as it is colder, will likewiſe be heavier than that between 
R and D which is hotter, and ſo will have a greater 
Aomentum, or Quantity of Motion, towards the Point 
K; and ſince this Point R is conſtantly moving after 
the Point A Weſtward, the Motion of the Weſtern Air 
towards it will be in Part diminiſhed by that Means; 
and being alſo inferior in Quantity to the Motion of 
the Eaſtern Air, the latter will prevail over it, and be 
conſtantly following the ſaid Point R from Eaſt to Weſt, 


and thus produce a continual Eaſt Wind. 


4. It may perhaps be here ſaid, that though the Mo- 
tion of the Air be leſs from D to R, yet it is ſomething, 
and ſo there ought to be a Weſtern Wind, at leaſt in 
ſome Degree, and to ſome Diſtance Weſtward of the 
Point R. To which I anſwer, That the Nature of a 
Fluid will not permit two contrary Motions to reſtore 
or ſuſtain an Equilibrium, (I mean in regard of the whole 
Body of it) for wherever one Part of the Fluid is deter- 
mined to move, all the reſt muſt neceſſarily follow it; 
otherwiſe the Equilibre of the Air would be deſtroyed 
in one Part, to make it good in another; a Detet 


which Nature cannot be guilty of, Thus we ſee the 


Tides 


Of Winds and Sous. 

Air from the Eaft and North, a conſtant 
North-Eaft Wind will be generated in the 
Northern Hemiſphere, and a conflant Sauth- 
Eaſt Wind in the Southern Hemiſphere, to 
a Certain Diſtance on each Side the Equator, 
all round the Earth. And this Caſe we 
find to be verified in the General Trade 
Winds, which conſtantly blow from the 
Nortb-Eaſt and South-Eaft, to about 30 De- . 

rees on each Side the Equator, where thoſe 

Parts are over the open Ocean, and not af- 
| feed with the Reflection of the Sun- beams 
from the heated Surface of the Land ; for 
in this Caſe the Wind will always ſet in up- 
on the Land, as on the Coaſt of Guinea, and 
other Parts of the Torrid Zone, we know it 
does. (XCIX.) 


209 


1 
"n 
* 
y 
ö 
} 
. 
4 
7 
1 
2 
Y 
. 
* 
4 
1 A 
F 
-Y 
Y 
if 
1 
_ 4 
2 


F I #4. 
dere 


* q me ng 
E 


As 


Tides of the Ocean always follow the Courſe of the 
Moon from Eaſt to Weft, without any Motion of the 
Waters from the Weſt towatds the Moon, in the open 
Oceans: And the Point R can only be conſidered as 
- the Aerial Tide, or Flood of High Air; and has nearly 
1 the ſame Phænomena with aqueous Tides. 
n 5. This being clearly underſtood, all the reſt is eaſy z 
e for no one can find it difficult to conceive how the cold 
Air from each Pole muſt neceffarily ſet in towards the 
Equator ditectly, where meeting, and inteffering with 
the Eaſtern Current, it does with that compound a new 
Direction for the moving. Air, which lies between both 
the former, viz. a North Ea Current on the North 
Side, and a South Eaſt one on the South Side: All 
which naturally reſults from the Dofrine of the Compo 
ſition of oblique Forces. (See Annot. XXIV.) , 
(XCIX.) Mr. Clare, in his Motion of Flurds, has a 
very pertinent Experiment for illuſtrating this Matter 
01. Il, P Is 
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As the Motion of the Air has a greatet᷑ 
or leſſer Velocity, the Wind is fronger or 


-aveaker ; and it is found from Obſervation, 
that the Velocity of the Wind is various, 
from the Rate of 1 to 30 Gr. 5 Miles per 


ale bs A 


[ 


Tavs 


It is thus: Let there be a very wide Diſh or Veſſel of 


Water, in the Middle of which is to be placed a Water- 
Plate fill'd with warm Water; the firit will repreſent 
the Ocean, the other an Iſland rarifying the Air above 
it. ben holding a Candle over the cold Water, blow 
it out, and the Smoke will be ſeen to move towards the 
warm Plate, and riſing over it will point. out the Courſe 
cf the Air from Sea to Land. And if the ambient Wa- 
ter be warmed, and the Plate fill'd with cold Water, 
and the fnoaking _—_ of a Candle held over the Plate, 


the coutrary will happe 


4, By % The a to prove chis, is to chuſe 


a free open Place, where the Current of Air, or Wind, 
is not at all interrupted, but flows uniformly, or as 


much ſo as the undulatory State of the Atmoſphere will 


admit. In fuch a Place, a Feather, or ſome very light 


Body, is to be let go in the Wind, and then by a Hat: 


Second Watch, or Pendulum, you obſerve ni 2 
what Diſtance it is carried in any Number of Half- 


Seconds ; or in how many Half-Seconds it. has paſs'd 


over a given or meaſur d Space: This will give the Rate 


af Velocity in the Wind per Second, and of courſe per 


Hour. 


rate in — Experiments of this Sort, approves of 


this Method be 
Philoſophical Tenge Ne 24.)- And he tells us (in 


Neo 313.) that he thus meaſured the Velocity of the 
Wind in that very great Storm of 1705, Auguft 11, 
and by many Experiments he found, that it was at 


Y 
Abe Rate of 135 Feet per Half-Second, or of 45 Miles per . 


our; 


2. The late Rev. Dr. Derbam, who was moſt Acud 


ore that of the Mola alata or pneumatica 
invented by Dr. Hook (of which Tee an Account in the 
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ruus much may ſuffice for a general 
Account of the Nature and Origin of Winds * 
- | | We 


Hour; whence he concludes, that the moſt vehement 
Wind (as that of 1703 in November) does not fly at the 
Rate of above 50 or 60 Miles per Hour; and that at a 
Medium the Velocity of Wind is at the Rate of 12 or 
15 Miles per Hour. TN . 
3. And ſometimes the Wind is ſo ſlow as not to ex- 
ceed the Velocity of a Perſon riding or walking in it; 
and in that Caſe, if the Perſon goes with the Wind, 
he finds no Wind at all, becauſe there is no Difference 
of Velocity, or no relative Wind, which is That only 
that we are ſenſible of whilſt in Motion ; the Reaſon of 
which we ſee in Annot. XX. inte 
4. The beſt Method, that I know of, to bring the 
Force of the Wind to a Mathematical Calculation and 
Certainty, is by the following new-contrived Ax RMo- Plat 
SCOPE, of which I had the firſt Hint from the late inge- XXXII 
nious Dr. Burton. AB CDE F GH lis an open Frame = ; 
of Wood, firmly ſupported by the Shaft or Poſtern I. — 
In the two Croſs- Pieces H K, L M, is moved an hori- 
zontal Axis QM, by Means of the four Sails a b, c d, 
ef, gh, in a poges Manner, expofed to the Wind. 
Upon this Axis is fixed a Cone of Wood, MN O; upon 
which, as the Sails move round, a Weight S is raiſed b 
a String on its Supetficies, proceeding from the . ſmall 
to the largeſt End NO. Upon the great End or Baſe 
of the Cone is fixed a Ratchet-Wheel 74, in whoſe 
_ Teeth falls the Click X to prevent any retrograde Mo- 
tion from the depending Weight. 
5. From the Structure of this Machine, *tis eaſy to 
underſtand, that it may be accommodated to eſtimate 
the variable Force of the Wind, beeauſe the Force of 
the Weight will continually increaſe, as the String ad= 
vances on the conical Surface, by acting at a greater 
Diſtance from the Axis. And therefore, if fuch a 
Weight be put on, on the ſmalleſt Part at M, as wil 
Juſt keep the Machine in Equilibrio with the weakeſt 
Wind ; then as the E becomes ſtronger, the Weight 
; F< 118 


212 


w 


Of Winds and SounDs, 


We proceed now to the Doctrine of- Sounds. 
We know by the Experiment of the Bell 


111 . 


will be raiſed in Proportion, and the Diameter of the 
Baſe of the Cone N O may be fo large in Compariſon 
of that of the ſmaller End or Axis at M, that the ſtrong- 
eſt Wind ſhall but juſt raiſe the Weight to the great 
End. | | 
6. Thus, for Example, let the Diameter of the Axis 
be to that of the Baſe of the Cone N O as 1 to 28, 
then if S be a Weight of one Pound at M on the Axis, it 
will be equivalent to 28 J. or Z of an Hundred, when 
raiſed to the greateſt End. If therefore, when the 


Wind is weakeſt, it ſupports 1 l. on the Axle, it muſt 


be 28 times as ſtrong to raiſe the Weight to the Baſe 
of the Cone. Thus may a Line or Scale of 28 equal 
Parts be drawn on the Side of the Cone, and the 


Strength of the Wind will be indicated by that Number 


therein from which the String ſhall at any time hang. 

7. Furthermore, the String may be of ſuch a Size, 
and the Cone of ſuch a Length, that there ſhall be 16 
Revolutions of the String between each Diviſion of the 
Scale on the Cone; ſo will the Strength of the Wind 


be expreſs'd in Pounds and Ounces. And if oor: | 
ne's 


Exactneſs be required, let the Periphery of the 

Baſe be divided into 16 equal Parts, then whenever the 
Equilibrium happens, the String will leave the Conic 
Surface againſt one of thoſe Diviſions, and thus ſhew 
the Force of the Wind to a Dram Averdupois Weight. 


8. Having premiſed thus much relating to the Struc= _ 


ture and Nature of the Inftrument, I ſhall * now proceed 
to a mere particular Examination of the Theory of 


ſaid on that Head, (See Annotat. XLV.) Therefore let 


In (parallel to the Axis QM) = a, repreſent the whole 


Force of the Wind on the Sail ; this Force is reduced to 
In, and this again to n , which acts normally to the 


Py 


Wind-Mills, by re-aſſuming what we have formerly 


Axis, and turns the Sail. Alſo we have ſhewn, that, 


putting mn = x, this Force which turns the Sail is ex- 


X = 


dax -x 4 ; ; 
preſſedby ———; and that when it was a Aaximum 


% 
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in the exhauſted Receiver, that Sound has 


a neceſſary Dependance on the Air; and 
| | | if 


* = * 7 = V ; and the Angle Im = 5A 
9. Hence we obſerve, that when the Mill is in its 


; — — 2 
greateſt Perfection, In N aa—xx= Vl = 


= s * = ; hence the whole Force in the Direction 

I m is to the ſame reduced, in the Direction J n, as 
2 8 

Im to lu, mean or as 1 * 3 


to 2. 5 \ 
10. Again, the whole Force in the Direction I m is 
to the ſame a ſecond Time reduced in the Direction u 9, 


a * — x : 7 


1 to \ 3 Tnearly; or, the Force thus 
27 519 13 | 


reduced is to the whole Force as 5 to 13, when the 
Sails are poſited in the beſt Manner. 

11, Now in order to determine the abſolute Force of 
the Wind, we muſt compare it with that of Water, 
as follows. Since Air and Water are both Fluids, if 
they move with equal Velocities, their Effects in a 
given Time will be as the Quantities of Matter, that 


is, (putting the Roman Letters for thoſe Particulars in 


Water, and Italicts for the ſame in Air) if V = V, 
then E: E:: M: MH. But in equal Quantities of 
Matter, viz. M = M, their Effects will be as the 
Squares of the Velocities, viz. E: E:: V: V. (See 
Annot. XLIX. 17.) Therefore, when neither the Ve- 
locity, nor Maſſes of Matter are known, the Effects 


will be in a 1 Time in a Ratio compounded of both; 


that is, E:E::MV*:;: MY >. 
12. But we have ſhewn M: :: DB: DB, (See 
Annot, LVI. 9.) therefore E: E:: DB V*: D in 
74 a given 


* 
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if we reflect on the Nature of the Particles 
of a ſonorous Body and thoſe of Air, we 
- e ob 


« 2 given Time, Let us now ſuppoſe B = ; then be- 
cauſe D: D:: 860 : 1, (See Annotat. LXXXIX. b.) 
we have E: E:: 8 VM = ; and laſtly, if we ſup- 
poſe the Effects to be equal, viz. E = E, then we have 
860 . . Therefore if we put V=1, we have 860 
z and F.'= \/ 860 = 29,326; that is, The Ve- 
locity of Air ought to be ſomewhat more than 29 times 
greater than that of Water to firike a given Surface with 
the ſame Force. | | | 

13. Indeed Mr. Belidor makes / 253, becauſe 


H= * * or putting V = 1, we have H = 
' - 


| 585 Fr Now a cubic Foot of Water, whoſe Height is x, 


; ſtrikes with a Force = 62,5 B. ; therefore the Force of 
a Column, whoſe Height is H, ſtriking againſt a Sure 
— 62,5V* 


ern oc OY; 
face of one ſquare Foot is 62,5 H = bs or = "vi 


- 


. when the Velocity is not given, | 
14. But (by Art. * 85 therefore -g-= 
X = = 62, 5H = 0,976 lb. the Force of a Stroke of a 
Column of Weter whoſe Velocity is V =1, and of Air 
Whoſe Velocity is / = 29,3, and Height H = #; of a 
Foot; therefore 6 X 0,976 = 0,00113 J will be a 
conſtant Multiplier to reduce the Force of Wind blow 


ing 


= 


. 
A 
2 
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ſhall find that Sound is nothing but the 
Propagation of the Tremors and Vibra- 


tions 


ing with any Velocity V on any given Number of ſquare 


Feet or Area A, to Pounds Averdupois Weight. For 


Example, ſuppoſe the Velocity of the Wind at the Rate 


of 20 Feet per Second; here = 20, and = 400, 
and 0,00113 /* = oooi11J3 x 400 = 0,452 of a Pound 
on a ſquare Foot; and therefore on 10 ſquare Feet it 
will be 4,52 1b. ; on 100 ſquare Feet it will be 45,216. 
on 1000 45246. ; and fo n. = 2 
15. Hence, to compute the Force of Wind on the 
Sails of a Mill, we proceed as follows: Admit the 
Length of a Sail be 30 Feet, and Breadth 6 Feet, the 
Area or Surface will be 180 ſquare Feet, and 4 x 180 
= 720 ſquare Feet, the Area of the 4 Sails; then ad- 


mitting the Velocity of the Wind the fame as before, 
viz. 20 Feet per Second, the Force on each ſquare ' 


Foot is 0,452, and therefore 0,452 Xx 720 = 325,44 16, 
This is the abſolute or whole Force of the Wind blow- 
ing directly on the Sails: But ſince when the Sails are 


ſet right, this Force is diminiſhed in the Ratio of 13 


to 5, therefore - X 325,44 = 125,175. 
16. Suppoſe the Diſtance from the Axis Q to each 


Sail be 5 Feet, then will the Diſtance of the Center of 


Gravity P Q be 20 Feet; therefore 20 & 125,17 = 


250%4 1b. the mechanical Force of the Wind on the 


Sails per Second to produce the Effects within the Mill, 


which may be computed as in the Example of the Wa- 


ter-Mill, Annot. XLIV. | 
17. To repreſent theſe S—_ more generally, let 
A = Area of all the Sails, = Velocity of the Wind; 


then 0,00113 /* A = abſolute Force, which multiplied f 


by = is 0,0004.35 VA = Force reduced by the oblique 
Poſition of the Sails, Now ſuppoſe a Weight W 


hanging from an uniform Axle, whoſe Semidiameter is 


d, keep the Sails im Equilibrio with the Force of the 
Wind z-then D being the Diſtance of the Center of 
ans PA Gravity 


Fn 
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tions of the former impreſs'd on the latter, 
to the Tympanum or Drum of the Ear, * 
: the 


Gravity of the Sails, we have D: 4:: W: o, o00435 
Na FE . 

18. But becauſe, when the Machine is in its greateſt 
Perfection, the Weight it is charged with is but g of 
W, (See Annat, XL.) therefore W x 5 = F 2 


0,000193/* A =P; then putting r = 0,000193, we have 
VA =P, the reduced Force for the greateſt Effect; 


and ES = A, the Area or Surface of the Sails; and 


lay, | 4 = V the Velocity of the Wind, which 


therefore may be found by having A and P given. 
19. Let + W = w, the Velocity of which Weight 
let be u; then 3 = Velocity of the Center of Gravity 


of the-Sails ; then LE P = u N u, whence any one of 


3 
the four Terms may be found, the reſt being given. Alſo 


3 u 


- PA "x =r/* A, or zuw r A; whence again 


Plate 
XXXII. 


Fig. 3. 


any one of the four Quantities A, V, w, u, may be 
found, the others being known. See farther on this 


Subject my New Principles of GEOGRAPHY and NA- 


VIGATION, | 

20. Since the Force of the Machine is as A x V 
D, it will be a Maximum when A x D is greateſt, the 
Velocity of the Wind remaining the ſame; and if A 
be given, the Maximum will be when D is greateſt of 
all, Bence it appears, that if we are not confined to a 
given Diſtance from the Axis Q for aqjufting the Sails, 


we may diſpoſe the given Surface A into the Form of an 
- arg Triangle in each Sail, viz. ſuch as AB CD, in- 


ead of the equal Farallelogram Sail a bc in common 
Ule; for in the Triangular Sail the Center of Gravity 


is at P, and its Diſtance is QP 3 Whereas in the Rec. 


tangular 


TY 
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the Action of whoſe Membrane they are 
communicated to the Air in the internal 

Cavities 


tangular Sail abc d the Center of Gravity is in the 
middle Point p, and its Diſtance is Q p, much leſs than 
re. * 

21. For Example, let 2b 6 Feet, and bc = 30; 
then the Area A = 30 Feet ſquare. Let QD equal 5, 
then is Qp=20 =D, and A x D = 600. But in 
the Triangular Sail the Diſtance QP = 35 = D, and 
therefore A D = 1050. The Force therefore of the 
ſame Wind upon the ſame Quantity of Sail, at the ſame 
Diſtance Q D from the Axis, in the Triangular Sail 
AB C D, is to that on the common Sail a bcd as 1050 to 
6oo, that is, MP = 35 to Q = 20, or as 7 to 4, 
which therefore is nearly twice as great. The Truth of 
all is evident by Inſpection of the Figure, and Aunotat. 
XXXV. 8, 9. | 

22. I ſuppole it was ſome Conſideration of this Kind 
which led Mr. Parent to propoſe Sails in Form of Ellip- 
tic Sectors; for the Centers of Gravity in them alſo are 
removed to about 'I'wo-Thirds of their Length, and are 
moreover better adapted to fill a circular Space when 
placed oblique to the Wind, ſo that no Wind be loſt 
when you would take in all that falls on a given Space 
or Area. But for what Reaſon he ſhould declare the 
tranſverſe Poſition of the common Sail to be more ad- 
vantageous than the longitudinal one, I am at a loſs 
to gueſs, However, as 1 have not ſeen any thing he 


has wrote on the Subject, I ſhall ſay no more of the 


Matter, | 


23. As it would be endleſs to recount all the various 
Uſes which are or may be made of this moſt uſeful uni- 
verſal Element cf Air, both for Natural and Mechani- 
cal Purpoſes ; I ſhall content myſelf with ſetting before 
the Reader the Theory of that moſt uſeful domeſtic In- 
ſtrument the BeLLows, by whoſe Means the Action of 
Fire, or Intenſity of its Heat, may be increaſed to a 
prodigious Degree. And for this Purpoſe I ſhall have 
recourſe to Dr. Hales's Statical Eſſays, Vol. II. Page 
329, where we find the following Computations. | 


24. The 
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Cavities of the Ear, where the Auditory 
Nerve receives the Impreſſion, and ex- 
| | _- - entes 


24. The Doctor meaſured the upper Surface of a 
Pair of Smith's Bellows, and alſo the Space they de- 
ſcended through in a decond of Time; by which he 
found the Quantity ef Air expell'd in that Time was 
495 cubic Inches in its compreſs'd State. Now to find 
what Degree of Compreſſion it ſuffer'd, he fix'd a Mer- 
curial Gage to the Noſe of the Bellows, and found the 
Farce of the compreſs'd Air ſufficient to raiſe the Mer- 
cury one Inch high, at a Mean. Hence it appear'd, that 
the Force with which the Bellows impell'd Air into the 
Fire was v of the Weight of the Atmoſphere. 
25. Hence alſo it follows, that the Air driven through 
the Noſe of the Bellows in one Second was more than 
495 Inches by % Part of that Quantity, viz. by 16,5 
Inches, which added to the former make 5114 Inches 
of common Air. To find the Velocity with which this 
Air was impelled, he meaſured the Area of the Orifice 
of the Noſe, and by that divided the 495 Inches, which 
gave for the Quotient 825 Inches, or 05,73 e ect, for 
the Length of the Cylinder of Air which ruth'd per Se- 
_cond thro? the Noſe of the Bellows ; which prodigious 
Velocity of Air acting conſtantly on the elaſtic re- acting 
Particles of Fire muſt immenſely increaſe their inteſtine 
Motion, and proportionably augment the Heat, which 
conſiſts therein, and from which all our Senſations of 
this Kind are derived. Big: 

26. The Doctor concludes with a Query, Whether 
if the Force with which the Air is impell'd by the Bel- 
lows into the Organ Pipes were taken in this Manner, 
we might not eſtimate the Velocities of the Undulations 
of Air required to form the various Notes or Sounds? 
the Velocity of undulating Air to that of Water being 
as their Denſities inverſely, nearly, vis. as 860 to 1, as 
will be ſhewn farther on. 

27. Mr. Martin Triewald, of Sweden, has lately exhi- 
bited a new Invention for producing a continual Stream 
of Air, to blow the Fire of great Forges, Founderies, 
We, and. which may properly be call'd WATERA-BEI.— 

| | LOWI; 
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cites the Senſation in the COMMON Sxx- 
$ORY an the BRAIN. (Cl.) | 


:  *- Fo: 


LOWS; for the Contrivance is two hollow Bell-form 
Veſlels, ſuſpended from the Ends of a Lever, which 
is put into Motion by a Stream of Water running into 
two Troughs, both uniting or joining rather at the 
Stream, ſo that only one at a time can receive the Wa- 
ter; which running to the larger and wider End, laid 
over the End of the Lever, does by its Weight carry the 
Lever down on that Part, till by deſcending the Water 
all runs out; and then the other "Trough ew; was 
filling in the mean time) preponderates, and forces down 
the other End of the Lever; and thus the Machine is 
conſtantly kept in Motion, | 


28. When one Arm of the Lever is raiſed, the Bell 


or Bellows hanging from it will be raiſed above the Sur- 


face of the Water (in which the Machine is placed) that - 
it may be fill'd with Air. Upon the Deſcent of the Le- 


ver, the Bell (by Weight athx'd to it) deſcends into 
the Water, by which Means the included Air is greatly 
comprels'd, and thereby forc'd to paſs through a long 
fad adorn Tube, going from the Top of the Bell to 
other metalline Tubes, which convey it to the Fire. 
Thus, by Means of theſe two librating Bells, a con- 
ſtant Blait of Wind is ſupplied, whoſe Velocity may be 
increaſed or diminiſhed by proper Contrivances, which 
the Reader may ſee in the Philaſophical Tranſactions, to- 
gether with a Print of the Engine, 1 

(Cl.) 1. The Structure of the Ear, with its admi- 
rable Apparatus to conſtitute an Organ of Hearing, is 
well worth the Attention of every Man. The external 
Part is adapted for taking in a latge Portion of the tremu- 
lous Air, which is refle ted ſtrongly by a fine, elaſtic, 
tremulous Cartilage, and by this Means it is convey'd 
more denſe and elaſtic to the interior Cavity, or Gancha 
of the outward Ear. | 

2. The free, hollow, elaſtic Aperture of this Cavity, 


conſtructed with proper Muſcles, is by that Means ca- 


pable of being expanded, contracted, and every way 
adapted to receive the various Tremors of the Air: 
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the End of the Meatus Auditorius, is ſo obliquel y ex- 
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Fon the Parts of a ſonorous Body, being 
put into Motion by Percuſſion, do vibrate 
forwards 


And moreover it is fo diſpoſed, that it is able more firmly 


to unite and condenſe, or more laxly to diſperſe or ra- 
rify, the ſame aerial Rays, ſq as to accommodate itſelf 
for attemperating a Sound too ſtrong, and augmenting it 
when too weak, as Occaſion requires. 

3. The Meaius Auditorius, conliſting partly of a car- 
tilaginous and partly of a bony Pipe, conveys the Sound 
towards the interior Parts, and the Obliquity of the 
Canal increaſes the Superficies, and conſequently mul- 
tiplies the Points of Reflection. Moreover, the trian- 

lar cartilaginous Tongue, by its elaſtic tremulous 

exture, and erect Poſition in the Hollow of the Concha, 
Juſt over the Orifice of the Auditory Paſſage, cauſes, by. 
an egregious Mechaniſm, that all the Rays of Sound 
which arrive at the Ear ſhall enter the ſaid Paſſage; and 
prevents their flying out again by any Reflections what- 
ſoever. Its tubulous cylindro-elliptical Figure, by a 
ſerpentine Progreſs firſt aſcending, then deſcending, and 
then aſcending again till it terminates in the Membrane 
of the Tzmpanum, increaſes the Reflection and Sound, 
and caules that all the ſonorific Rays ſhall at laſt fall 
united upon the central Point of its End; hindering at 
— ſame time all Senſation of a confuſed and clangorous 

und. ; 

4. The Membrana Tympani, or fine Membrane at 


tended acroſs the Paſſage, as above to make an obtuſe _ 
Angle, and below an acute one with the ſaid Meatus. 
Hence the Surface is increaſed, and render'd more ca- 
ble of tremulous Concuſſions, and of concentering the 
"om _ its middle Point. 
5. This Membrane being expanded upon and con- 
nected with the bony Margin of the Meatus, is on the 
fore Part (towards the MAeatus) concave, and convex 


behind or on the internal Part, where it is applied to the 


Handle-Part of a little Bone, call'd the Malleus or Ham- 
mer, whoſe Head is moveable in a bony Sinus on one 


Part, 


— — 
(EET EE TE ET 0 
©. ab 6. * 
„„ „ „ 
_— + ++ 
SS „ „„ „ „„ & 
„ „ 
«„ „ „ „ 


2 5 
— he ” - 
SDS S& + © © 8 * — 0 
—_ TE 5 2 7 0 
. % ä 8 . : 4 
* * - © , 4 > n 
T4 ——” 3 . 
: PT „ x5 
+. 7. © 908 
. . 
8 b a 
2 : 2 \ of 4 . 4 
— > — 8 - 252. FOE La ane? N „ ,v 4 
ed Bev 2220 9,75 1 . 
P's 3 .. 0 
2122 FE xa =”. 4 0 
3 9 522 N 77 : G 
1 7 Fs; 2 * . oe 4 
e , — - N 7 * 
#7 fx RAY P EEE N * * 6 
"Fd Op to* PLS as N 0 
7 „ 22 N **; [1 
= #3 77 * 7 7 N , „ * P P ' 4 
5 * s \ FF 4 „ . : 
a gu „„ „ „„ Yo . 4 
„ 00 PA , / ' ? 4 
1! You tl” p 
7 77 LETT - 
7 J. [ EF 1 
f . 1177 — 7 1 . 
00007 $110 a 
171 ' * 
* | ' 171 5 
1641 10 1 : 
wy fic | 
— oat! 138-44 k i . 
M Kd, WW 15 
41 * \\ 
1 
OLE \\ill [4 
SLAC WSV 
\\\ k \\ 
Wy W 
VV. j IO 1 
e 
N Ie Da JJ — * + - 
GA e aA WD — N 1 TED d . 
e JOY OREN 3 
N * 85 - VI * CID \ VI SIS Ny * * " 2 PT. nd — — __ 
% #; 
e - — — Y * * , N \ * I > a 
Nn e. — „ee bes Vo of 5 
* I a __ 2 \ . * * k\ is # $ ' 
2 8 ne 0 \ I? PIG * 8 g 5 
Nd JJ Sd ; — % \\ \ mY J% 8 Fd : 
DS % ' ION a? W. N a * a ; 1 
ce — A W * 1 * 6 
r. ere * 5 K. dy F > 
RJ 87 AW \ , e 
DR = IIJIID Wen * N ' 
— RISSD kita) - 6 N 10 n 
s — = WO 'W 
=> ID * SY ' PEST « 
' nes 4 > Ke as : % 
4 ' Dc. N . 1 * 
FY * 0 . * * 1 
; Sc. 5 * #4 
— 8 _ 
. - 
\ Wo 
— * * of 
Da, of . 
.. xT nf 
— 


85 W 


: 
8 


* 
GS 


Of WinDs and SOUNDS. 221 


forwards... ahd _ TBE through very 
ſmall Spaces, by their elaſtic Quality. In 
ö Bt l . f 


Part, and on the other it is articulated with another little 
Bone call'd the Incus or Anvil, which freeiy moves in 
that Articulation ; and on the other End it is again ar- 
ticulated with a little orbicular Bone, and with the Stapes 
or Stirrop, which on its Baſe Fart is connected to a 
Membrane ſpread over the Foramen Ovale, or elliptic 
Hole of another bony Cavity call'd the Veſtibulum. 
b. But as it will be impoſſible to give an Idea of this 
wonderful Conſtruction without a Print, therefore let plate 
AB be the external Ear; C its Ceuc ha, or Cavity; D E XXXIII. 
the Meatus Auditorius, which in Length is 74 Tenths Fi 
of an Inch, in Breadth 3, and in Depth 4. G is the — 
Membrana Tympam ; h the Handle of the Malleus; k the 
Incus, and i the orbicular Bone; » the Stapes, and x 
the Yeflibulum hollowed out of the Os Petreſum, in the 
Cavity of the Labyrinth. tn 3 i 
7. In the Veſtibule we obſerve the following particu- 
lar Conſtruction of Parts. On the larger Part are three 
ſemicircular Canals or Conduits O, P. Q, which com- 
municate by ſive Ori fices with the Cavity of the Veſti- 
bule ; they are of a bony Subſtance, and of an elliptic 
Cavity. The lefler Part of the Veſtibule communicates 
with the Cochlea, or ſpiral Fabric 8. 3 
8. This wonderful Part merits particular Notice, and 
is therefore repreſented by itlelf in two Figures; wheres. 
in is ſhewn the bony conical Canal 8 FT, making 24 Re! 
volutions round a bony Cone from the Baſe to the Apex 
T. This ſpiral Cavity is, from the Baſe S tothe Top T, 
divided by a tranſverſe Septum, or Partition, of a triangu-# 
lar Figure, repreſented by Z X. This on its Baſe Fart 
adhering to the Cone is bony (which is ſhewn by & a, a,] p: 
and is of an elaſtic hal —— Texture, IS oNFig 2 3. 
ſmooth or poliſn'd. The exterior Part 5, 6, b, is of a 
membranaceous nervous I exture, whoſe Chords or 
Fibres lie as repreſented in tie Cut: It is connected 
with the bony Baſe on one Part, and with the Canal on 
the other, fo that the ſpiral Duct of the Cochlea is bv | 
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this Action they affect the Particles of Air 
eontiguous to them, and compel them up- 


O11 


* * 4 _ 
; * i 


| vided-into two equal Cavities without any Communica- 


tion with each other; though the Orifice of the ſuperior 
Cavity opens into the Ye/tzbulum, and the other is ſhut 


eloſe * the Membrane of the Foramen Ovale. 
9. 


he Auditory Nerve V enters the Veſtibule by 
ſeveral little Holes as at S, and forms a curious Lining 


or Tapis ail over the inſide Surface both of the Veſti- 


bule and its ſemicircular Canals O, P, Q. Theſe 


Nerves alſo paſs into the Cochlea, and entering between 


the two Membranes of the triangular Zone, or Septum, 
Z X, do there divide, and branch themſelves out into 


an exquifite membranous Expanſion on each Side the 


ſame, which thus becomes the more immediate Organ of 
Hearin | 


4405 This Cavity of the Veſtibule is always fill'd with 


an elaſtic Air, though there appears no viſible Way by 


which it can enter. Alſo the Labyrinth or Cavity of 
the Drum is fill'd with common Air, by Means of the 
Euftachian Dutt or Tube, as MN; the Orifice M open- 
__ the Mouth, and N into the Cavity of the La- 
yrinth. 
11. Having this premiſed a Deſcription of the ſeveral 


Parts, we ſhall the better apprehend how Sounds are ex- 


cited in the Mind. Thus the Pulſes of Air entering 
the Meatus Auditorius DE are condenſed by various 
Reflections through the Paſſage to their Incidence on the 


Membrana Tympani at G, which is render'd more or leſs 


concave, or lax and tenſe, dy the Handle h of the Malleus, 


actuated by its proper Muſcle. By this Means the Air 


contain'd in the Labyrinth is admitted, expell'd, com- 
preſs'd, or rarified, according as the Enftackion Tube is 
opened or ſhut. a 
12. The Membrana Tympani G being thus adapted 
for receiving the Sounds of tremulous harmonic Bodies, 
and modulating the internal Air of the Labyrinth, can 


eaſily communicate the Impreſſions to the Incus k, which 
tranimits them to the Qs Orbicula/e i, this to the Stapes ny 
| and 


* 
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on the firſt. Impulſe to move forwards al- 
ſo; and thoſe propel the next, and ſo on, 
| _ 


- 


and that to the Membrane of the Foramen Ovale of the 
Veſtibulum r. | ; 
13. This Membrane, by ſuch an Apparatus of Parts, 
may be intended or remitted in infinitely different De- 
rees, ſo as to become adapted for the Tremors of every 
ort or Degree of Sound; and for communicating them 
to the internal Air, which affects the Nerves every where 
expanded over its internal Surface, but more efpecially 
the nervous Expanſion of the Cochlea. 9 
14. For here, as we have ſhewn, the Fibres of the 
Septum Tranſverſale, b, b, b, are contrived like ſo many 
Strings of an Harpſichord, of various decreaſing Lengths, 


and different Octaves, that fo ſome or other of them 


may be of a proper Length to be in Concord with the. 
ſounding Body, or to tremble with the ſame. Vibrations, 


which by Means of the Nerves are convey'd to the com- 


mon Senſory in the Brain, where the Mind perceives and 
, the infinite Differences of harmonious and 


diſc 


Mechaniſm of the Organ of Hearing, yet can we get but 


a general Notion of the Manner in which theſe Senſations - 


are produced, or of the particular Functions performed 


by every Part, and the ſpecial Uſes to which they are 
ſubſervient, in the general Execution of this Senſe; with 
reſpect to which there remain many Things yet to be 


enquired after, even by the learned Bocrhaave, as we find 
in Page 250 of his Iaſtitutes, which ſee. | 

16. From this Account of the Ear, we have a Solu- 
tion of ſome Difficulties 3 as, Why the Ear is affected 


with great Pain in going dowa into the Seaina Diving-" 


Bell : Why People generally open their Mouths when 
they liſten with great Attention ; Why Deafneſs enſues 


on a Rupture of the HAHembr ana Tympani, or from an 


Obſtruction of the Euſtacbian Tube: Why we hear 


but one Sound with two Ears. But how ſome People 


taking Smoke into the Mouth can emit it by their Ears, 


4 


15 Tones. . 
15. Thus, tho” we are admitted to view the amazing 


£4 
— * 
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wa very conſiderable Diſtance, according 


to the Intenſity of the percuſſive Force. By 


this Means the Particles of Air are com- 
preſs'd nearer together, than in their natural 
_ yy 
Bur when the Particles of the ſonorous 
Body make the ſecond Part of the Vibration, 
by returning back again, the Particles of Air 
alſo, by their repulſive Power, repel each 
other towards their proper Places, and thus 
again expand themſelves. | 
Now ſince Motion once generated in elaſ- 
tic Bodies continues ſome time before it can 


be deſtroyed by the Reſiſtance and Coun- 


teraction of contiguous Bodies, it follows, 


that the Particles of the ſonorous Body, and, 
conſequently thoſe of the adjacent Air, have 


for ſome Time a reciprocal vibratory Motion, 


by going forwards and backwards throu oh 
very ſmall Spaces in an indefinitely ſmall 
Particle of Time ; which Motion gradually 
decreaſes, till it be totally deſtroyed. (CIL.) 


FROM 


oe * eaſy to anſwer, there being as yet no perforation 


embrana Tympani diſcovered ; though this ſeems 
1 210 Demonſtration that there is one or more, though. 


1 rceptible to the Eye. 


II.) 1. The Doctrine of Sounds is the moſt intri- 
ws — perplex'd of any thing we find in Philoſo- 
phy; and perhaps this is the only Subject which the 


greateſt of Men has (in his Principia) treated in a 


Manner 


ö 


at the ſame time 
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From the Nature of a Fluid, whatever 
Motion is generated in any one Particle, it 


18 


Manner not quite ſo phyſical and mathematical as the 
Nature of the Thing required. I ſhall refer the Reader 
to the Commentaries of Meſſ. Le Seur and Facquier on 
the Principia, where they will find Sir ac Newton's 
Hypotheſis relating to the Motion of the Particles of an 
elaſtic Medium to be fallacious ; and other Methods 
propoſed, by which the Newtonian Doctrine of Sound 
is reſtored. I ſhall here add an Explication of ſuch 
Phenomena only, as are of principal Concernment, and 


retty eaſy to be underſtood. 
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2. Let ABG be an elaſtic String or Chord, fixed Plate | 


in the Points A and C, and drawn out of its natural 
right-lin'd Situation AB C. Such a Chord, in its State 


Reſort, not only to its natural Situation A D C, but 
with the Motion it there has will go on to E, fo that 
DE is nearly equal to BD; and from thence it will 
return again nearly to B; which Motion from B to- 
wards , and from E towards B, will be reciprecated 
a great Number of Times before the Chord will come 
to a State of Reſt: And each Motion through the Space 
BE is called a Vibration of the Chord. 

3. When the Chord begins its Motion at firſt from 
B, it ſtrikes the Particle of Air contiguous to it in B, 


and that will by its Approach towards the next affect 


it, by Means of the repulſive Power, which keeps 
them all at equal Diſtances from each other; and fo 
on, through ſuch a Number of Particles as can receive 
the Motion while the String moves from B to D. Let 
A, B, C, D, E, F, G, Oc. repreſent ſuch a Series 
of Particles of Air at an equal Diſtance, and the firſt 
Particle A contiguous to the middle Point B of ſuch a 
String, and agitated by it in its Motion. | 

4. The String beginning to move, all the Particles 
A, B, C, will begin to move forwards alſo ; and ſince 
this Motion is propagated in Time, let E be the re- 
moteſt Particle moved while the Chord is moving from 


Vor. II. = Q B io 


XXXII. 


of Tenſion, will, when let go, return to Its natural Fig. 4. 


* 
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all the other Intervals B C, C D, DE, E F, will 
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is by that Particle communicated equally 


to all round it, as from a Centre; conſe- 


quently 


B to D; during which time the Chord, having an 


accelerated Motion, will cauſe the Particles to approach 
each other with an accelerated Motion likewiſe; and 
becauſe thoſe accelerated Approaches begin at A and 
reach to E, in the Time the Chord is going from B to 
D, therefore the Diſtance A B will be leſs than B C, and 
this leſs than C Dyã and that leſs than D E, and the Di- 
ſtance E F will begin to be leſſen'd when the String is 
arrived to the Site AD C, and the Particles A, B, C, 
D, E, F, Sc. will have the Arrangement repreſented 
in the ſecond Line. | 

5. But now the Chord, having acquired the Situa- 


tion A D C, will be no farther accelerated, but on the 


contrary retarded, as it will now go on from D to E; 
the Effect of which upon the Particles of Air before it 
will be as follows: They will all go on forwards till 
the Chord comes to E, and the Particle A to its Situa- 
tion in the third Line: But ſince the Force upon A be- 
gins to abate as the String begins to move from D, the 
elaſtic Force now between A and B will, by acting both 


Ways, continue to accelerate the Motion of B, and 


retard that of A. Thus the Diſtance B C will ſtill dimi- 
niſh till B come to be nearly equidiſtant between A and 
C; and C will be accelerated till it be equidiſtant be- 
tween B and D; and ſo on. So that as the Accelera- 
tion is continued forwards, the Diſtances will diminiſh 
towards F ; and by the Time the Chord is arrived at E, 
the Particles E E will be at their neareſt Diſtance. And 
ſince the Motion of A is continually retarded, it will 
loſe what before it had gained in the fame Time; and 
will therefore now be at the ſame Diſtance from B as 
at firſt nearly. So that the Particles from A to G will 
have the vituations as repreſented in the third Line. 

6. The Chord now returning from E to D, gives 
Liberty to the repultive Power between A and B to ſe- 
parate them to a greater Diſtance than in their natural 
State, and which they at preſent have. By this Means 


alſo 
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quently the Tremors of the ſounding 
Body will be propagated all around from 
the 
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alſ& increaſe, and become ſucceſſively greater than the Plate 
natural Diſtance; but that Exceſs will be leſſer in XX XII. 


each till you come to F G, which will be equal to the 
natural Diſtance, at preſent between A and B, The 


Fig. 1. 


Motion at the ſame time continuing in all the Particles * 


from H to N, they will all move forwards, and the pre- 
ſent contracted Interval between H and I will ſucceed be- 
tween all the reſt, till it arrives to the Particle N, when 
the Interval M N will be the ſame as at preſent is H I. 
And thoſe Particles beyond N to S, will, by the preceding 
ones, be put into the ſame reſpective Diſtances, but in 
an inverſe Order, as thoſe have between G and N. And 


the whole Series (now the String is at D) will have the In- 


tervals of the Particles reſembling thoſe in the 4th Line. 
7. The Chord not ſtopping at the Situation A D C, 
but going on towards AB C with a retarded Motion, 
the Velocity of the contiguous Particle A will alſo be 
retarded and become leſs than that of B; upon which 
the Diſtance between them will be leſſen'd, and the 


more ſo as the String approaches to B. Hence all the 


Intervals, now dilated beyond their natural State, will, 
by Degrees, contract; but gradually flower, till you 
come to F, where the preſent largeſt Interval between 
A and B will be found between F and G, and that be- 
tween A and B will have acquired its natural Extent 
when the Chord is arrived at B. Then likewiſe the Par- 
ticles from G to N will acquire the ſame Situation as 
thoſe now have between A and G; and from N to 8, the 
ſame as now is ſeen between G and N; and from 8 for- 


_ wards, the ſame as is now before the Particle N, the 


Point S being now the middle Point of Condenſation ; 
all which is clearly ſeen in the 5th Line of the Figure, 

8. Thus the — which began at A, by the 
firſt Part of the Vibration, was propagated to G by the 
ſecond, from thence to N by the third, and laſtly to 
S by the fourth Part of the whole Motion of the String 
in going and returning; and this Extent of Air, thus 
agitated by the Chord in gaing and returning, is called 

| 2 by 
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Manner or Direction whatſoever (CIII.) 


\ 
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the Point of Percuſſion, as a Centre, in 
concentric hollow Superficies or Shells - of Air, 
which are not improperly called Aerial 
Pulſes or Waves of Air: Analagous to 
which are the circular Waves generated 
on the Surface of Water all around the 
Point where any Impreſſion is made, in any 


THESE 


| by Six” ea: Newton a Wave or Pulſe of Air. In which 


Plate 
XXXII. 


Fig. 6, 7. Waves in Water after the following Manner. Let A B 


ave the Particles from A to N are in a dilated State, 
and from N to X in a contracted or condenfed State 
which two Parts of the Wave anſwer to the concave 


and convex, or low and high Part of a watry Wave. 


9. As the Chord goes on to make another Vibration, 
it will not only continue to agitate the Air at preſent in 
Motion, but will ſpread the Pulſation of the Air as 
much farther, and by the ſame Degrees as before ; and 
the like will happen after every compleat Vibration of 
the String. Thus the Air being a fluid Body, and the 
Impreſſion made on any one Part affecting all the Par- 
ticles alike around it, *tis plain, thoſe Pulſes. will be 
propagated in every Direction all around in concentric 
Aerial Shells or ſpherical Waves of Air. | 

10. That the Motion of the Pulſes in an elaſtic Me- 


dium is analogous to that of Waves generated in the Sur- 


face of ſtagnant Water, is evident, when we conſider 
that the Condenſation of the Parts of the elaſtic Me- 


dium is in Lieu of the Elevation of the Water; the 


elaſtic Force effects the ſame in the Medium as Gravit 
does in the Water, and the denſeſt Parts of the Pulſes 
correſpond to the higheſt Parts of the Waves. Where- 
fore as there is ſo great an Aﬀinity between theſe two 
Phenomena, it will be requiſite, before we go fatther, 
to explain the Nature and Properties of aqueous Waves, 
which will therefore be ſhewn in the next Annotation. 
(CIII.) 1. Sir /a Newton explains the Nature of 


and , 


a * 
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Tuxksp Pulſes or Waves of Air are af- 


fected with the following Properties, vix. 
| I. They 


and C D be the Surface of Water quieſcent in the up- 
right Legs K L, MN, of a recurved Tube. And if 
the Water be put into Motion, and aſcends in the Leg 
K L, to E F, it will deſcend in the Leg MN to GH; 
fo that EF=G H. Again, let PV be a Pendulum vi- 
brating in the Cycloid RP S; its Length V P, from the 
Point of Suſpenſion to the Center of Ofcillation, is 
equal to half the Length of the Water in the Tube; 
let P be the loweſt Point, and P Qan Arch of the Cy- 
cloid equal to the Altitude A E, 


2. The Force by which the Water is alternately ac- 


celerated and retarded in its Motion in the Tube, is 
the Exceſs of the Weight of Water in either Leg above 
the Weight in the other; and therefore when the Wa- 
ter in the Leg K L aſcends to E F, and in the other Leg 
deſcends to G H, that Force is equal to the Weight of 


the two equal Quantities of Water AE F BTC GHD 


=2 AEFB; and therefore is to the Weight of the 
whole Water as E A to V P, or as PQ toPR, becauſe 
the Semi- cycloid P R is equal to the Length of the Pen- 


dulum which deſcribes it, from the Nature of the Curve. 


3. Alſo the Power by which the Weight P is in any 
Point Q accelerated or retarded , in the Cycloid, is to 
its whole Weight as the Diſtance P Q from the loweſt 
Point P to the Length of the Semi-cycloid P R. Where- 
fore the moving Forces of the Water and Pendulum, de- 
ſcribing equal Spaces A E, P Q, are as the Weights to 
be moved; and therefore, if the Water and Pendulum 
are at firſt quieſcent, thoſe Powers will move them equal- 
ly in equal Times, and cauſe that they go forwards and 
backwards together, with a re&iprocal Motion. All 
which is eaſily deduced from what has been faid of the 
Nature of the Cycloid, the Motion of heavy Bodies, 
and the Forces of Bodies in Motion. IF þ 

4. Hence it follows, that whether the Diſtance A E 
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be great or ſmall, the Reciprocations of the Water will 


be all performed in equal Times. Alſo it follows, that 


if the whole Length of the Water be 78, 4 Inches, each 


Q 3 Reci- 


| 


230 


Of Winvs and SOUNDS, 
1. They are propagated all around m a 


"ſpherical undulatory Manner (as J ſaid but 


now) ; and that not only from the tremu- 
lous Body, but from the Holes in any 


' Obſtacles they meet with: Whence it 


Plate 
XXXII. 
Fig. 8. 


comes to paſs, that one and the ſame Sound 
| may 


Reciprocation, or Aſcent and Deſcent of the Water, 
will be performed in one Second of Time; [becauſe a 
Pendulum of half that Length vibrates in that Time. 
Laſtly, if the Length of the aqueons Canal be increaſed 
or diminiſhed, the Time of each Reciprocation will be 
increaſed or diminiſhed in the ſubduplicate Ratio of the 
Length. 1 


5. When the Nature of Waves in Water is conſider- 


ed, it will be found to agree very nearly with the Mo- 


tion of the Water in the Tube abovementioned; and 
conſequently their Motion will be ſimilar to that of a 
Pendulum. For let F. F G repreſent the level Surface 


of Water when it is not agitated, ſo as to produce 


Waves; when it is thus agitated, let A, B, C, D, re- 


preſent the wavy Surface; A, C, the higheſt Parts of 


the Waves; and B, D, the loweſt or concave Part. 
Then ' tis evident the Weight of the Water at A above 
F G will cauſe it to deſcend as far below the Level to 


B; and with the Motion acquired by that Deſcent, it 


will again aſcend to the ſame Height C, and fo produce 


a conſtant Succeſſion of Waves in the watry Surface, 
after the fame Manner as was ſhewn in the Tube. 


6. Hence it follows, that, becauſe the Length of 


the whole Water to be moved is from the higheſt Point 


A to the loweſt Point B, if the Length of a Pendulum 


be A B, it will oſcillate once while the Water deſcends 
from A to B; and in another Oſcillation, it will 


aſcend fromB to C, and ſo on. So that a Wave will 
' paſs thro” its whole Length in the Time of two Ofcilla- 


tions; and therefore in the Time of one Oſcillation of 


2 Pendulum four Times as long, or equal to A B C. 


7. Whence 
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may be heard by ſeveral Perſons, in any dif- 


ferent Situations with reſpect to the ſound- 
ing Body, if not at too great a Diſtance. 


II. The Denſity of theſe aerial Pulſes de- 


creaſes, as the Squares of the Diſtances from 
the ſounding Body increaſe: For ſince the 
Force or Motion in each Shell 1s the ſame, 
it muſt decreaſe as the Number of Particles 
increaſes in each Shell : But this Number 
of Particles 1s as the Superficies of the 
Shell, which 1s as the Squares. of the Dia- 
meter or Semidiameter of the Sphere, that 
is, as the Diſtance from the ſounding Bo- 


dy. Hence the Diſtinction of Sounds in- 


to loud and low, firong and weak, according 


as we are nearer to, or farther from, the 


ſounding 


7. Whence becauſe ABC in very large and wide 


Waves is nearly equal to the Breadth AC; therefore 
when the Waves are 39,2 Inches broad, they will un- 
dulate in one Second of Time; and conſequently ſince 
the Times of all the Undulations are equal, there will 
be . * 60 = 2352 Inches, or 196 Feet run thro' by 
a Wave in one Minute, which is 11760 Feet per Hour. 
Hence alſo the Velocity of greater or leſſer Waves will 
be increaſed or diminiſhed in the ſubduplicate Proportion 
of their Breadth ; that is, if V = Velocity of the greater 
Waves AB CD, and v = Velocity of the leſſer Waves 
a, b, c, d, e, f, &c. then it will be %:: /AC: 


ac. Becauſe the Velocities and Times of Bodies 
moved in any Manner by Gravity, are proportional to 


the ſquare Roots of the perpendicular Altitudes z and + 


23s 


% 


thoſe Altitudes are as the Lengths of Pendulums, ane 


therefore as the Breadth of Waves, 


Q 4 (ClV.) 
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ſounding Body. The utmoſt Limits of 
audible Sounds are about 180 or 200 Miles, 
(CIV.) Rt. 

III. All 


(CIV.) Let AB C repreſent the ſonorous Body; 


XXXIII. by the tremulous Motion of its Parts, it will agitate the 


Fig. 4. 


Air contiguous to every Point as A, where it will be 
condenſed to a certain ſmall Diſtance, and make a Pulſe 
or Wave of Air in the Manner as has been largely ſhewn 
(Annetation CII.). The firſt Wave or Pulſe will by its 
elaſtic Power in expanding itſelf produce a Second, that 
a Third, and ſo on; till the impreſſed Motion be dif- 


fuſed thro? too large a Quantity of Air to be any longer 


ſenſible. 

2. The Quantity of Motion produced by each Tremor 
of the ſonorous Body, being communicated ſucceſſivel 
to larger Portions of Air, the Part thereof which 5 40 
Particle will acquire will conſtantly decreaſe. This De- 


crement of the Motion will be as the Increment of the 


Number of Particles, which is as the Superficies of the 
ſpherical Shell ; and fince all. Superficics are as the 
Squares of their Diameters or Semidiameters, therefore 


the Force in the Particles of the Wave or Shell ar D is 


to that in the Particles of the Shell at Fas AF? to AD; 
that is, the Force of Sound decyealcs as the Squares of the 
Diſtances increaſe. | ; 

3. It is plain, the Diſtance to which Sounds may 


be heard will be proportional to the Magnitude or In- 


tenſity of the Stroke made on the tremulous Body 


emitting the Sound; for the greater that Stroke is, the 
greater will be the Agitation of the Paris of the ſono- 
rous Body, and of courſe the greater will be the Force 
with which they will ſtrike the Particles of Air. Laſtly, 
the greater Force is upon the Air, the more ſtrongly will 
it be condenſed and expanded ; hence the greater will be 
the Stroke at any given Diſtance on the Drum of the 


Far, and conſequently the greater will be the Diftance at 


which the Agitation of the Air will be ſenſible. | 
4. The Experiments are numerous by which it has 

been found, that Sound is .audible to the Diſtance of 
P # 7 a | f $ 50, 
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III. All the Pulſes, whether denſer or rarer, 


move with equal Velocities: This Sir Tſaac 


Newton has demonſtrated à priori, and alſo 
that this Velocity is at the Rate of 1142 
Feet in one Second of Time ; which moſt 
exactly agrees with the repeated and moſt 


accurate Experiments of the late Reverend 


Dr. Der bam. The Velocity of Sound is 
therefore near thirteen times as great as 
that of the ſtrongeſt Wind: And ſince it 
muſt neceſſarily increaſe with the Air's 
Elaſticity, it will be greateſt in Summer 
when the Air is moſt heated, and vice verſ# 
in the Winter: Alſo, as the Motion of the 
Wind conſpires with, or is contrary to 


that of Sound, the Velocity of Sound will 
be in ſome ſmall Degree augmented or di- 


miniſhed thereby, though not diſcernible in 
Experiments. 


IV. The Interval or Diflance of the 


Pulſes from each other is the ſame among all 


that are excited by the ſame Stroke : For 
ſince each Pulſe is cauſed by a ſingle Vi- 
bration 


A or 80 Miles: But Dr. Hearn, Phyſician to the 


of Sweden, tells us, that at the Bombardment at 
Helnia, A. D. 1658, the Sound was heard to the Diſ- 


tance of 30 Swediſh Miles, which make 180 of ours. 


And in the Fight between England and Holland, A. D. 


1672, the Noiſe of the Guns was heard even in Wales, 


which cannot be leſs than 200 ATA 


23g 
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bration of the ſounding Body, and ſince 
they all move with equal and uniform Ve- 
locities, tis plain they muſt ſucceed each 


other at Intervals proportion'd to the Times 


of the Vibrations; but the Times of the 


Vibrations of the ſame. Body are all equal; 
conſequently, the Intervals of the Pulſes 


V. The 


( Cv.) 1. Sir ac Newton and other  Mathemati- 


cians have ſhewn (ina Method too prolix and intricate 
to be here repeated) that if a Pendulum were conſtructed 


whoſe Length was equal to the Height of an homogeneal 
Atmoſphere, whoſe Denſity is every where the ſame 


-with that of the Air upon the Surface of the Earth, in 


the ſame time that ſuch a Pendulum makes one whole 
Oſcillation in going forwards and backwards, the Wave 


or Pulſe of Air will paſs through a Space equal to the 


Circumference of a Circle deſcribed with a Radius equal 
to the ſaid Pendulum. 8 | 
2. Therefore while the Pendulum makes half an Of- 


cillation, or one ſingle Vibration, the Pulſe will move 


through a Space equal to half the Circumference ; 
Whence the Space deſcribed by the Pulſe in the Time 


of a Vibration is to the Length of the Pendulum as the 


Semi-circumference to the Radius, or as the Circum- 
ference to the Diameter, that is, as 3, 14159 to 1. 


(as we have elſewhere ſhewn) but Sir Iſaac makes it 
29725 Feet, whoſe Meaſure we ſhall here follow. The 
Circumference of a Circle whoſe Radius is 29725 is 


Nov the Length of ſuch a Pendulum is fea m Feet, 


186768, the half whereof is 93384 = Space a Pulſe 
paſſes through in one ſingle Vibration: But ſince a Pen- 


dulum 39,2 oſcillates in the Time of one Second, and 
the J imes of Oſcillation in different Pendulums are in 
the Subduplicate Ratio of their Lengths ; therefore, ſince 


in 29725 Feet we have 356700 Inches, we muſt ſay, 


As 3932 : w/ 356700 ;; 1 ; 954 Seconds. * 
t 


* 
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ther in great Numbers from different Bodies 
| withaut 


that Time the Pulſe paſſes over 93384 Feet ; conſe- 


quently, 953 : 93384 :: 1: 979 Feet = Space paſs'd 


through by a Pulſe in one Second of Time. 

3. This then would be the Velocity of the Pulſes, 
were the Particles of Air fo very ſmall as that their 
Magnitude ſhould bear no ſenſible Proportion to the 
Intervals between them; and alſo if the Medium had 
no Admixture of any other Particles but thoſe of pure 
Air: Neither of which is the Caſe; for the Particles 
of Air are ſo groſs, that they will not paſs through the 
Pores of Glaſs any more than Water ; and Sir lſaac 


Newton ſuppoſes them to be of the ſame Magnitude - 


with the Particles of Water or Salt. If this be fo, let 


D = Diameter of the Particles, S = Space or Interval 


between them; then will S + D = Diſtance of the 
Centers of the Particles. Let N = Number of Particles 
in the Side of a Cube of Air, then will NS + ND = 
Side of the Cube. "Op 

4. Again, let M = Number of Particles of Water 
in the Side of an equal Cube, and MD = Side of 
the Cube of Water; whence NS + ND = MD. 
Then if the Denſity of Air be to that of Water as 1 to 


A, we ſhall have 1:A::N3:M3; whencer: AT:; 
N: M; conſequently, M = N AT, Wherefore ſince 
it is NS NDS MDS ND A, it will be S + D 


=DA?, andS = D x AT—1; therefore D:5S:: 


#5 AT—1; whenceD:S x D::1: AT. 
5. If therefore A = 860, (as we have ſhewn) then 
AT = gnearly; if we put A = 1000, then AT =.10. 


WhenceD:5+D::1:9,oras 1: 10; whence the 


Diameter of a Particle of Air will in ſuch Caſe be to 
the Interval between the Particles as 1 to 8 or 9. And 


ſince the Motion is inſtantaneous through the ſolid Par- 


ticles 


* 
V. The aerial Pulſes are propagated inge- 
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without Diſturbance or Confufion ; as is evi- 
dent from Concerts of Muſical Inſtruments, 
where divers Sounds, of different Intervals 

and 


ticles of Air, and they make up I or 5 Part of the whole 
Space 979 Feet paſs'd through in one Second by a 


Pulſe, therefore to allow for this we muſt add 25 ar 
109 Feet to the former Sum; that is, 979 + 109 = 
1088 Feet, for the Velocity of Sound per Second. 
6. But ſince the Atmoſphere conſiſts not of pure Air, 
en of a different Elaſti- 
city and Tone ; theſe Vapours will not participate of 
the Motion of pure Air, by which Sound is propagated 
in like Manner as an elaſtic String, if ſtruck, will not 
move another very near it,. unleſs it be under the ſame 
Degree of Tenſion, and of the fame Tone. There- 
fore the Quantity of Air producing Sound muſt be di- 
miniſh'd in proportion to the Quantity of V apour, in a 
given Space; in which Sir Iſaac ſuppoſes the Air is to 
the Vapour as 10 to 1, Whence the Air and Vapour 
together in a given Space is to the pure Air as 11 
to 10. | 
7. But the Velocity of the Pulſes will increaſe in the 


Subduplicate Ratio of the diminiſh'd Quantity of Matter, 
that is, in the Subduplicate Ratio of 11 to 10, or in the 


entire Ratio of 21 to 20 (as he has ſhewn, Princip. 
Prop. 48. Lib. II.) Therefore, if we ſay, As 20: 21 
:: 1088: 1142; whence the real Velocity of Sound thus 
inveſtigated from the Nature of elaſtic Air by our great 
Author, is at Length found to be at the Rate of 1142 
Feet per Second. 51 Ol . 3 
8. The Truth and Accuracy of this noble Theory 
have been ſufficiently confirm'd by Experiments, parti- 
cularly thoſe made by the late Rev. Dr. Derham, of 
which I ſhall give ſome Account by and by; but will 
firſt lay before the Reader a View of the different Eſti- 
mates made of the Velocity of Sound by ſeveral eminent 
Philoſophers, as in the Table following, 


The 
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and various Coincidences, ſtrike the Ear at 
once, yet with Diſtinctneſs and agreeable 
Conſonance. | 8 . 
VI. The Particles of Air, and conſequently 
the Pulſes, firiking againſt an Obſtacle, will 
be reflected back under an Angle equal to that 


Feet per Second. 


The Honourable Mr. Roberts, 1300 
The Honourable Mr. Boyle, 1200 
Mr. Walter, 1338 
Merſennu, 1474 
The Academy at Florence, 1148 
| 2 EP „ f | "ATM 
ir 1Jaac ton, Flamfſtea 
Hs, and A | W 


9. As no Man ever had a better Opportunity, fo 
none could improve it with greater Diligence, Aſſiduity, 
and Accuracy, in determining and ſettling the various 
Phænomena of Sounds, than the ſo often celebrated 
Philoſopher laſt mentioned. He proved by Experiments 
made' by the Strokes of a Hammer, and the Explo- 
ſion of a Gun at the ſame time, at the Diſtance of a 
Mile, that the Velocity of Sounds produced from dif- 
ferent Bodies was the fame, or came to his Ear in the 
ſame Time. | | | \ | 

10. That the Motion of Sound was equable and uni- 
form, or that it paſs'd through Spaces proportional to 
the Times, he found by various Experiments made by 
the Exploſion of Guns at different Diſtances, as ap- 


ars by the following Table which he has given us: 


here the firſt Column ſhews the Places at which the 
Guns were fired; the ſecond, the Number of Vibrations 
of an Half-Second Pendulum ; the third, the Diſtance of 
the Places in Miles and decimal Parts, as meaſured b 
N the fourth, the Diſtances meaſured by 
the 
one Mile every 94 Half- Seconds. 

| At 


elocity of Sound, admitting it to be at the Rate of 0 
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of Incidence; in the ſame Manner as will 
be ſhewn in regard to the Rays of Light. 
Hence a Repetition of the Sound, heard by the 


direct 
At Hornchurch Church; ) = 0,087, — 
North Okendon Church, 184 — 2,004 — ' 2,000 
, | 22% RY: — 124 
Upminſter Mill, 1 2 24 bs 16 
Little Warley Church, 271 —30 — 2,97 
Rainham Church, 335 = 3,58 — 3.59 
Dagenham Mill, 35 — 3.88 — 3,7 
South Weald Church, 4 — 4,59 — 4,86 
E aft T horndon Church, 46 — 5,09 — 5,03 
Barking Church, 70% — 7,7 — 7;62 
_ Guns at Blackheath, 116 — 12,5 — 12,55 


11. The great Exactneſs of meaſuring Diſtances by 
Sounds appears from the above Table, as well as the 
Equability of the Motion. But to render this Matter 
fill more certain and indiſputable, the Doctor took a 
Journey to Foulneſs Sands on the Coaſt of Efſex, which 
form a large ſmooth Plain for Miles. On this Plain he 
meaſured 6 Miles in a right Line, and cauſing a Gun 
to be'fired at the End of each Mile, he found that his 
former Obſervations were very juſt and true, and that 
Sound paſs'd the firſt Mile in 94 Half-Seconds, two 
Miles in 184, three Miles in 272, and ſo on to the End 
of the fix. | | 

12. The Academia del Cimento made Experiments of 


this Sort, from whence they concluded, that the Velo- 


City of Sounds was ſo far equable, as not to be accele- 


rated or retarded by conſpiring or adverſe Winds: But 
in this they led themſelves and many others into a great 


Miſtake, which was owing to their firing Guns at too 
near a Diſtance ; for in great Diſtances the Difference 


is ſenſible, as will appear by the following Table of 


many Experiments which the Doctor made on the Guns 
fired at Blackheath, at the Diſtance of twelve Miles from 


1704. Feb. 
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direct Pulſes, will be made by thoſe which 
are reflected; which is what we call an 


| Echo. | 
The 
D. H. Vibrat. Nad. 
| - 120 24 
1704. Feb. 13. 6 to N.— 121 — N. E. by E. L 
21. 114M — 119, — E. 
1705. Mar. 30. 10M. — 113 — S. W. 7 
Apr. 2. 8 pM. — 1144 — S. by W. 1 
3. 10 — 1164 — 8. 4 
5. 1 pM, — 111 — 8. W. by W. 7 
13. 84 M. — 120 — ok E. 2 
24» 5 pM — 116 — 8. . by W.o 
Sep 1.1 — 11 — W. 2 / 
— © — 1154 — W. by N.2 
29. 10; M. — 112 — 8. S. W. 6 — 
Oc. 6. 10M. — 117 — E. S. E. , 2 
Nov. 30. Noon — 11 $ — 8. S. W. 4 
Feb. 15. 11M, — 116 — SY W.r 
1706. N 112 M. — 116 — 8. 0 
700. Nov. 29. J Noon — 118 — 8. W. by. 
Feb. 7. Noon — 113 — S. W. by W. 4 


13. In the firſt Column of this Table M denotes the 
Morning, p M the Afternoon, and N Night: Alſo the 
Figures 1, 2, 3, 4, 5, ©, 7; affixed to the Points of the 
Wind in the third Column, denote the ſeveral Degrees 
of Strength with which the Wind blew at the time 
when the Experiments were made. From this Table it 
is eaſy to obſerve, that in this large Diſtance (of near 13 
Miles) the Velocity of Sound is ſenſibly ed with 
the Current of the Air or Wind ; for ſince Blackheath 
lay near 8. W by W. from Upminſter, we fee that on 
April 5, 1705, when there was a mo Wind con- 
ſpiring with Sound, it came in 111 Half-Seconds ; 
whereas on Feb. 13, 1704, when the Wind was di- 
rectly contrary, though but a gentle one, the Sound 
took up no leſs than 120 and 122 Half-Seconds in paſſing 
the ſame Diſtance. The ſame is confirmed alſo by the - 
Experiment on April 13, 1705. | 

14. And it is farther obſervable, that the Acceleration : 
of Sound depends on the Strength of the Wind ; = ” | 
- ri 
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Dye Locus, or audible Place of Sound, will 


be there where the Particles of Air firſt be- 
April 24, 1705, a S. W. by W. Wind in the loweſt 
egree permitted the Sound to arrive in 116 Halt-ve- 
| | conds ; the ſame Wind on Feb. 4, 1706, blowing with 
* 4 Degrees of Strength brought the Sound in 113 Half- 
Seconds; and on April 5, 1705, the ſame Wind with 
7 Degrees of Strength brought the Sound in 111 Half- 
Seconds. The Winds which blow tranſverſely (as on 
April 3, Feb. 15, 1705.) ſeem not to affect the Velocity 
of Sound, it paſſing then in 1106 Half-Seconds, which 
| is mean Velocity, as appears by the former Table in 
Article 10. | | 

15. The greateſt Difference we here obſerve in the 
Velocity of Sound, with or againſt the Wind, is 10 or 
11 Balf-Seconds, or 54 Seconds; whence 1142 & 5,5 = 
6281 Feet, which is ſomewhat more than a Mile = 
5280 Feet; and therefore for every 10 Miles we may 
allow Half a Mile, or 2640 Feet, when the Wind 
blows ſtrongly againſt the Sound, and deduct the ſame 
when it ſets with it; and ſo in Proportion for any other 
Diſtance. See a late Diſcourſe on this Subject in a 
Treatiſe entitled, Obſervations Fr? et Phyſigues, 

par Don George Juan et Don Antoine De Ulla. | 
16. The Velocity of Sound being determined, the 
Intervals of the Pulſes are known by finding how many 
Vibrations the ſounding Body performs in one Second. 
Thus D. Sauveur found by Experiments, that an open 
Pipe, whoſe Length was about 5 Paris Feet, had the 
ſame Tone with a String that vibrates forwards and 
; backwards 100 times in a decond; conſequently, of the 
Fulſes made by ſounding ſuch a Pipe, there are about 
100 in the Space of 1142 Feet, or 1056 of Paris; and 
| therefore a {ſingle Pulſe occupies the Space of 11 42, Feet 
| Engliſh, or 10% Feet of Paris; ſo that the Lengih of 
| : | the Fulſe was about twice che Length of the Pipe. 
| Whence it is probable, that the Lengths of the Pulſes 
3M excited by the Sounding of 'open Pipes are in all Caſes 
equal to twice the Length of the Pipes. 
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gin to diffuſe themſelves in Form of Waves. 
Thus a Perſon ſpeaking in one End of a 
Tube, or Trumpet, will be heard as ſpeak= 
ing from the other. And as in the Caſe of 
Light, we ſee the Image of an Object always 
in the Direction of the reflected Ray; ſo in 
Echoes, we hear a Perſon ſpeak at the Place 


from whence the reflected Wave comes to 
the Ear. (C VI.) 


BRC AUsE 


17. This was farther confitmed by the ſame Gentle- 
man by another Experiment he made afterwards, in 
which he found that an open Pipe, of about two Paris Feet 
in Length, was in Uniſon with a String which vibrated 
forwards and backwards 243 times in a Second; where- 
23 4 nearly: that is, the Length of a Pulſe 
was about 42 Feet of Paris, or nearly twice the Length 
of the Pipe.. | 

(CVI.) I. In order to account for the Nature of 
EcHoes, we. muſt conſider, that Sound is perceived as 
coming from that Place, from which, as a Centre, the 
Pulſes are propagated. This is well known by Experi- 


fore 


j 
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ence: But to illuſtrate this Matter, let A be the Centre plate 


from whence any Sound is directly propagated, and ſtrikes _ XII. 


againſt any plain Obſtacle C B, ſufficiently large; draw 
AF perpendicular to B C, and produce it to H, fo that 
it may be AF FH; the Sound reflected will be per- 
ceived as coming from the Point H. c 

2. For let AB be the incident Ray, impinging againſt 
the Obſtacle B C in the Point E; from E draw the Ray 


Fig. . 


KD, in ſuch a Manner that the Angle CED may be 


equal to the Angle E FA, or that the Angle of Inci- 
dence may be equal to the Angle of Reflection; then 
will ED be the reflected Ray of Sound, and, if pro- 


duced, will paſs through the Point H; for the Angle 


FE HCE DSF EA. Therefore in the Triangles 
Vol. II. 8 R AFE 
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Bxrcavss the Sound is ſtronger in Pro- 
portion as the Air is denſer, it muſt fol- 
3 | low, 


AFE and EFH, ſince the Angles of one are reſpec- - 
tively equal to the Angles of the other, and the Side 
FE common to both, the Sides of one Triangle will 
be reſpectively equal to the Sides of the other, and 
therefore H F=AF; wherefore the reflex Sound will 
be heard by a Perſon at D, as coming from the Point 
H. | 

3. As the Place of the Auditor or Point D approaches 
towards A, the Caſe will conſtantly be the ſame with 
reſpect to the Centre of Sound H; the Triangles will 
{till be equal, and all their Angles and Sides reſpectively; 
therefore when D coincides with A, the reflex Sound, or 
Echo, will be heard from the Point H ; which was to be 
demonſtrated. 

4. The fame Sound therefore is heard twice by an 
Auditor at D; firſt by the direct Ray AD, and ſecondly 
by the reflex Ray AED; provided the Difference be- 
tween AD and AED be ſufficiently great, that the 
direct and reflex Sound do not in the ſame ſenſible Mo- 
ment of Time affect the Ear: For if the reflex Sound 
arrives at the Ear before the Impreffion of the direct 
Sound ceaſes, the Sound will not be double, only ren- 
dered more intenſe. 

5. We know by Experience, if more than 9 or 10 
Syllables are pronounced in a Second, the Sounds will 
not be diſtin and articulate ; therefore, that the reflex 
Sound may not be confounded with the direct Sound, 
there ought to be at leaſt the gth Part of a Second 
between the Times of their Appulſe to the Ear. But in 
the gth Part of a Second Sounds run thruugh the Space of 


I = 727 Feet; the Difference therefore between 
AD and AED muſt not be leſs than 127 Feet, for the 


Echo to be diſtinctly heard in D. 5 
6. Hence alſo it follows, that a Perſon ſpeaking or 

uttering a Sentence in A aloud, in order to obſerve the 

Echo by Reflection from the Obſtacle B C, ought to 


ſta 
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low, that the Voice paſſing through a Tube 
or Trumpet, muſt be greatly augmented by 
. the 


ſtand at leaſt 73 or 74 Feet from it, that is, AF=74. 
And ſince, at the common Rate of Speaking, we pro- 
nounce not above 3 Syllables per Second (or read more 
than 20 Lines of Eng % Poetry per Minute) therefore 
that the Echo may return juſt as ſoon as the three Sylla- 
bles are expreſſed, we muſt have twice AF equal to 
above 1000 Feet; or the Speaker muſt ſtand about 500 
Feet from the Obſtacle B C; and ſom Proportion fot 
any other Number of 9yllables. | | 
In all the Experiments which Dr. Derbam made 
with the Guns at Blackheath, thete was always a Re- 
duplication of the Sound, particularly the firſt in the 
foregoing Table, on February 13, 1/04; where the 
dired Sound came firſt in 120 Half-Seconds,” and the 
reflex Sound or Echo in 122 Half- Seconds. The Dif- 
ference in Time, being a whole Second, ſhews the Echo 
paſſed over 1142 Feet more than the direct Sound; 
and that therefore the Phonocamptic Object, or Obſtacle 
which reflected the Sound, was very probably near the 
Guns; ſince after the Pulſes had paſſed a great wayz 
they would have been too weak, when reflected, to have 
made an Echo as ſtrong or ſtronger than the direct 
Sound, as the Doctor always found it was. | 
8. By ſome . which he made on Guns 
fired on the River Thames, between Deptford and Cuc- 
| kold's Point, he obſerved the Sound was not only dous 
bled, but tripled, quadrupled, and ſometimes repeated 
many more times, and each fucceeding Echo was loudef 
and louder; and often when he heard thoſe Fragors of 
great Guns, he obſerved a Murmur aloft in the Airy 
eſpecially if the Heavens were quiet and ſerene: And 
thoſe Pulſes of Air he has obſerved to ftrike againſt a 
thin Cloud, and produce in it a Murmur for the Space 
of 15% From hence he 2djudged, that thoſe Murmurs - 
in the Air proceed from the vaporous Particles ſuſpended * - 
in the Atmoſphere which the  Undulations of 


R 2 Sound, 
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the conſtant Reflection and Agitation of 
the Air through the ** of the Tube, 


by 


Sound, and reyerberate them to the Ear of the Ob- 
ſerver, in the Manner of indefinite Echoes. 

9. Among the many pleaſant and ludicrous Phæno- 
mena of eb, thoſe Wich are Polyphonous, or repeat 
divers Syllables or Sounds diſtinctly, and are therefore 
called Tautological or Prattling Ec bo afford the moſt 
curious Amuſement. Of theſe there are ſeveral remark- 
able in different Parts of the World, and particularly 
here in England; concerning which | refer the Reader to 
Harris's or Chambers's DICTIONARY under the Word 
Echo, or to my PHILOSOPHICAL GRAMMAR, 

10. Nor is this merry Phænomenon of Sound with- 
out its Uſe ; for by Means of an Echo you may mea- 
ſure inacceſſible iſtances, the Width of large Rivers, 
&c. Thus Dr. Derham ſtanding upon the Bank of the 
Thames, oppoſite to Woolwich, obſerved that the Echo 
of a ſingle Sound was reflected back from the Houſes 
in 6 Half-Seconds, or 3 Seconds; conſequently, 
1142 * 32 3426 Feet; the Half of which, viz. 1713 
Feet, is the Breadth of the River there; which i is more 
than a Quarter of a Mile, or 1320 Feet. 

11. Atter the ſame Manner we find the Meaſure of 
any Depth ; as that of a Well, for Inſtance. T'o do this, 
let a.= Space an heavy Body falls freely in one Second 
of Time, b = Space through which Sound moves in 
the fame Time, and & = I ime given in Seconds from 
the firſt Deſcent of the Stone to the Hearing of the 
Sound, and x = Depth of the Well required. 

12. Then to find how long the Stone is in _— 
ing | to the Bottom of the Well, ſay, As a: &: 5 


= == : Square of the Time : in which the Di is 
made, becauſe the Spaces deſcribed by falling Bodies are 
as the Squares of the Limes, (Annot. XXV I. ) where- 


fore ry 1 


13. Again, 
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by which it 15 condenſed, and its Action 


on the external Air greatly increaſed at its 


Exit 


13. Again, to find the TI t in which the 
Sound aſcends, ſay, ASb: xii “ = — e 


— 


Time ſought in Seconds; but ft NE+ 


therefore x + NEED bc. Ber —— Tan = 


22 * ; and ſince x is the Square of \ x, the foregoing 


is a Quadratic Equation; and, by compleating the 


b 
Wa 


Square, we have x + 


bb+gabe _ 4. 
. — — (by putting $11 =3b + 4 ads). 
5 eee the Roots on each Side we have VH 
— + "Y 
+ Eats === — that is, V3 * = But 


2124/4 5 


x cannot be a ee Quantity; and therefore it can- 


—bo-s —b +s. 


not be r , but muſt be x = 7 


T herefore & = = Sb = the Depth of the Well re- 
44 


quired. 


14. Now a=16,122 Feet, and e whence 


4 a=64,488, and b 6=1304164 ; alſo 4 a b 73646; 


and if we ſuppoſe c=10", then 4.8 a b c=736450, and 


bb+gabe=s5s = 2040624. 1 = 14285 : \ 
and —5 = 286,5; and 5 —b*= 82082,25. Conſe- 


quently = = 127321 or the Depth of the Well 
is 1273 Fe * 71 4 


= — 


b | —3 
15. Since x = * „ we ſhall have ST = 2 
1 And 


oo 
M by he ad 
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Exit from the Tube ; Which from hence is 
called the Stentoraphonic Tube, or Speaking 


Trumpet. 
For the ne Reaſon, thoſe Funnel- 


like Inſtruments, which gather the larger 
and more languid Waves of Air, do greatly 
condenſe them, and heighten their Power 
and Action on the Drum of the Ear; by 
which Means Voices and Sounds are ren- 
dered ftrong, loud, and audible, which were 
not ſo before to a deafen'd Ear; and hence 


theſe Inſtruments come to be called Ota- 


couſtics. 

I SHALL only obſerve, in regard of thoſe 
Inſtruments which magnify Sounds, and 
aſſiſt the Hearing, that the longer they are, 


tbe greater is their Effect; and that of all 
the Forms or Shapes, none is ſo good as 


5. derived owe the Revolution of the Lo- 
GAR LTAMEDIO 


and thetefore W. = .. divided by Aan that is, 


ya Wa 
A $—-b 286, 5 
N 8 Tang = wig Seconds, the Time of. 


the Stone's Deſcent to the Bottom of the Well. (See 


Art. 12.) 


— | 


16. The Time of the Sound's Aſcent is 7 3 


82082525. Mi 
= "Iic = 1,11 of a Second. But 8,” 89 + 1,"11 


= 2 100 the whole Time, as it ought to be. 


4 
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GARITHMETIC CURVE about its Axis. 


(Cvu.) | 


(CVII.) r. The Stentorophonic Tube, or Speaking- 
Trumpet, is uſed for magnifying of Sound, particularly 


247 


From © 


that of Speech, and thus cauſing it to be heard at a great Plate 


Diftance ; how it does this will be eaſy to underſtand XXXIII. 


from the Structure thereof, Let ABC be the Tube, Fig. 5. , 


BD the Axis, and B the Mouth-Piece for conveying the 
Voice to the Tube. 

2. Then 'tis evident when a Perſon ſpeaks at B in 
the Trumpet the whole Force of his Voice is ſpent up- 
on the Air contained in the Tube, which will be agi- 
tated thro' the whole Length of the Tube; and by va» 
rious RefleCtions from the Side of the Tube to the Axis, 
the Air along the middle Part of the Tube will be 
greatly condenſed, and its Momentum proportionably in- 
creaſed, ſo that when -it comes to agitate the Air at the 


Orifice of the Tube AC, its Force will be as much 


greater than what it would have been without the Tube, 
as the Surface of a Sphere, whoſe Radius is equal to 
the Length of the Tube, is greater than the Surface of- 
the Segment of ſuch a Sphere whoſe Baſe is the Orifice 
of the Tube. | | 

J For a Perſon ſpeaking at B, without the Tube, 
will have the Force of his Voice ſpent in exciting con- 
centric Superficies of Air all around the Point B; and 
when thoſe Superficies or Pulſes of Air are diffuſed as 
far as D every way, tis plain the Force of the Voice 
will there be diffuſed through the whole Superficies of a 
Sphere whoſe Radius is BD; but in the Trumpet it 
will be ſo confined, that at its Exit it will be diffuſed 


through ſo much of that ſpherical Surface of Air as cor- 


reſponds to the Orifice of the Tube, But fince the 
Force is given, its Intenſity will be always inverſely as 
the Number of Particles it has to move; and therefore 
in the Tube it will be to that without, as the Superficies 
of ſuch a Sphere to the Area of the large End of the 
Tube nearly. 


4. To make this Matter yet plainer by Calculation 


Let BD = 5 Feet, then will the Diameter of the 
R 4 Sphere 


8 


j 
* 


= 
— — . 7—˙¹O/.. — n —˙*=Ü jg A Een — 


— — — 


= 
| 
| 
4 
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From the fourth Property of the aerial 


Pulſes we have the Origin of the various 


Degrees 


Sphere DE = 10 Feet, the Square of which is 199, which 
multiplied by 0,7854, gives 78,54 ſquare Feet for the 
Area of a great Circle AHEFC. And therefore 4 
times that Area, v!z. 4 x 78,54 = 314, 16 = ſquare Feet 
in the Superficies of the Aerial Sphere. If now the 
Diameter AC of the End of a Trumpet be one Foot, its 
Area will be 0,7854 ; but, 7854 : 314,16 :: 1 : 400, 
therefore the Air at the Diſtance of BD will be agi- 
tated by Means of the Trumpet, with a Force 400 times 
oreater than by the bare Voice alone, | 

5. Again, 'tis farther evident how Inſtruments of 
this Form atift the Hearing greatly; for the weak and 
languid Fulſes of Air being received by the large End 
pf the Tube, and greatly multiplied and condenſed by 


the tremulpus Motion of the Parts of the I ube and Air 


agitated by them, are conyeyed to the Ear by the ſmall 
End, and ſtrike it with an Impetus as much greater 
than they would have done without it, as the Area of 
the ſmall End at B is leſs than the Area of the large 


End AC. 


6. From what has been ſaid, 'tis evident the Effect 
of the Tube in magnifying Sound, either for Speaking 
or Hearing, depends principally upon the Length of the 
Tube. But yet ſome Advantage may be derived from 
the particular Form or Shape thereof, Some very emi- 
nent Philoſophers have propoſed the Figure which is 
made by the Reyolution of a Parabala about its Axis as 
75 beſt of any; where the Mouth- Piece is placed in the 
Focus of the Parabola, and conſequently the ſonorous 
Rays will be reflected parallel to the Axis of the Tube. 
See the Figure of ſuch a Tube in Meuſchenbroef's Eſſai 
de Phyſique. q - po 4 | 
J. But this parallel Reflection ſeems no way eſſential 
to the magnifying of Sound; on the contrary, it ap- 


pears rather to hinder ſuch an Effect, by preventing the 


infinite Number of Reflections and Reciprocations of 
Sound, in which, according to Sir Iſaac Newton, ity 
| ; Augmentation 
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Degrees of what we call the Nor, Tone, 
OF 


249 


UNE of Sounds, in regard of which 


they 


Augmentation does e conſiſt. For all reci- 
procal Motion, in every Return, is augmented by its 
generating, Cauſe, which is here the tremulous Motion 
of the Parts of the Tube. Therefore in every Reper- 
cuſſion from the Sides of the Tube, the Agitations and 
Pulſes of the confined Air muſt neceſſarily be increaſed 
and conſequently this Augmentation of the Impetus of 
the Pulſes muſt be proportional to the Number of ſuch 
Repercuſſions, and therefore to the Length of the Tube, 
and to ſuch a Figure as is moſt productive of them. 
Whence it appears, that the Parabolic Trumpet is of all 
others the moſt unfit for this Purpoſe, inſtead of being 
the belt. t 

8. But there is one Thing more which contributes 
to the Augmentation of thoſe Agitations of Air in the 
Tube, and that is the Proportion which the ſeveral 
Portions of Air bear to each other when divided by 
tranſverſe Sections, at very ſmall but equal Diſtances, 
from one End of the Tube to the other. Thus let 
thoſe ſeveral Diviſions be made at the Points a, &, c, 
d, e, &c. in which let the Right Lines a4, bl, c m, 
In, &c. be taken in Geometrical Proportion. Then 
will the Portions of Air contained between B and a, 
a and b, h and c, c and d, &c. be very nearly in the 
ſame Proportion, as being in the ſame Ratio with their 
Baſes when the Points of Diviſion are indefinitely near 
together. 3 | | 

9. But it has been ſhewn already, that when any 
Quantity of Motion is communicated to a Series of 
elaſtic Bodies, it will receive the greateſt Augmenta- 
tion when thoſe Bodies are in Geometrical Proportion. 
Therefore ſince the Force of = Your is _— 
upon and gradually propagated through a Series 
elaſtic Portions of ir In „. Ratio to each 
other, it ſhall receive the greateſt Augmentation poſ- 


ſable. 105 


Plate 
XXXIII. 
Fig. 6. 


10. Now 
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they are diſtinguiſhed into le and high, or 
grave and acute, by Muſicians called Flats 
and Sharps. Now the Tone of a Sound 


depends on the Time or Duration of the 


Stroke made on the Drum of the Ear, by a 
Wave or Pulſe of Air; for as that is longer 
or ſhorter, the Tone will be more grave or 
acute: And fince all the Pulſes move equal- 
ly ſwift, the Duration of a Stroke will be 
proportional to the Interval between two 
ſucceſſive Pulſes ; and conſequently, a Sound 


14 
10. Now ſince by Conſtruction it is Ba gabe 
Sc d, &c. and alſo à 1: bl::b/:cm::cm:dn, and 
ſo on; therefore the Points 4, I, m, n, o, p, 9, r, 3, A 
will in this Caſe form that Curve Line which is call'd 
the Logarithmetic Curve Conſequently a Trumpet 
formed by the Revolution of this Curve about its Axis 
will augment the Sound in a greater Degree than any 
other figured Tube whatſoever. | 
11. But to ſhew the Reaſon of the Nature and Name 


of this Curve, ſuppoſe the following Series of Quantities 


in Geometrical Progreflion, viz. 4%: a: *: 4: 4: 45, 


&c. then it is plain the Ratio of a* to 4 is 1, the Ra- 


tio of a* to 4 is 2, the Ratio of g* to 4 is 3, and fo 


on; whence it appears, that the Indices of the ſeveral 
Terms expreſs the Ratios of thoſe Terms ſeverally to 
the firſt, and are therefore their Logarithms, Now if 
in the above- mentioned Figure we put the Ordinates 


24 = =I, bl =d"=a, cn = aa, &c. then 


will the intercepted Parts of the Alſciſſa be Ba=1, 
Bib = 2, Bc = 3, &c. and therefore the Logarithms or 
E xponents of the Ratios of theſe ſeveral Ordinates to 


the firſt or Unity. Hence the Curve which connects 


8 Ordinates is called the Logerithmetical or Logiſtical 
ſurue. | LO 
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is more or leſs Grave or Acute in Proportion 70 
the Length of that Interval. 

HENCE it follows, that all the 8 
from the /oudeft to the Ioweſ?, which are ex- 
cited by the Vibrations of the ſame Body, 
are of one Tone, It likewiſe follows, that 
all thoſe Bodies whoſe Parts perform their 
Vibrations in the ſame or equal Times, have x 
the ſame Tone: Alſo, thoſe Bodies which 
vibrate flowef? have the graveſt or deepeſt 
Tone; as thoſe which yibrate quickeſt have the 
ſharpeſt or ſprilleſt Tone. 

Tux Times of the Vibrations of Mufical 
Strings, and conſequently the Tones, vary 
in reſpect of the Length, the Magnitude, and 
the Tenfion of thoſe Strings, For if two Plate 
Strings, AB, CD, are of the ſame Mag- TL 
nitude, and ſtretch'd by equal Weights 
E, F, have their Lengths as 2 to 1, the Times 
of their Vibrations will be in the ſame Ratio. 
Hence the Number of Vibrations of the two 
Strings AB, CD, perform'd in the ſame 
Time, will be inverſely as their Lengths; or 
CD will make two Vibrations, while AB 
performs one. The Vibrations of two ſuch 
Strings will therefore co- incide at every ſe- 
cond of the leſſer. 

AGAIN : If two Strings of the fame Kind Fig. 2. 
AB, CD, have their Diameters as 2 to 1, 


and 


7 


Of WinDps and SOUNDS. 


and are of equal Length, and tended by equal 
Weights E. F; the Times of the Vibrations 
Till be as their Drameters, vis. as 2 to 1; 


and ſo the Vibrations in a given Time, and 


Plate 


the Co- incidences as before. 

 LasTLyY, If the Diameters and Por 
of the Strings be equal, the Times of the 
Vibrations will be inverſely as the Square 


| Roots of the Weights which flretch them. If 


the Weights E and F be as 1 to 4 (the 
Square Roots of which are 1 and 2) then 


XXXIV the Times of Vibration in AB and CD 
Fig. * will be as 2 to 1, Hence in conftructing 


ſtringed Inſtruments, as SPINETs, HArps1- 


CHORDS, &c. a ſkilful Artiſt will compound 
theſe Proportions of the Length, Diameter, 
and Tenfion of the Strings to very prone Ad- 
vantage. / 

In Wind-Inftruments, as the ern, On- 
GAN, Sc. where the Sound is made by the 
Vibration of a Column of elaſtic Air con rain'd 
in the Tube, the Time of Vibration or 
Tone of the Inſtrument will alſo vary with 
the Length and Diameter of the ſaid Column 


of Air, and Foret of the Voice, which com- 


preſſes it; as it will be eaſy to obſerve from 
Experiments. 


Ir one Body be made to (rd with 


another, their Vibrations will co-incide af- 


ter 
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ter a certain Interval; and the ſhorter the 
Interval of the Co- incidence, the more 
agreeable is the Effect or Conſonance to 
the Ear; conſequently, thoſe whyeh are 
moſt frequent produce the moſt perfect Con- 
ſonance or Concord, as it is commonly called. 
When the Times of Vibration, therefore, 
are equal, the CoNncoRD is molt perfect and 
more agreeable than any other, and this is 
called Un1soN. 
Is the Times of Vibration are as 1 to 2, 
the Co-incidence will be at every ſecond Vi- 
bration of the quickeſt ; and ſo this is the 
next perfect Concord, and is what we com- 
monly call a DiAp As ON, or OcrAvx. 

Ir the Times of the Vibration be as 
to 3, the Co- incidence will be at every 
third Vibration of the quickeſt; which 
therefore is in the next Degree of Perfec- 
tion, and this is called a DIAPENTE, or 
FirTy. If the Times of Vibration are 
as 3 to 4, the Co- incidence will be at every 
4th of the lefler; and this is called the 
DriaTEs8aRON, or FouRTH. But this, 
and the next which follow in Order, are 
not ſo agreeable and pleaſant to the judi- 


cious Ear, and are therefore called Inperfect 


Concords, Nor are there above ſeven 


Notes in all the infinite Variety of Tones, 
105 which 
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which can merit a place in muſical Compo- 
ſitions, and they are exhibited in Fg. 4. 


Er. which repreſents the Strings in an Octave of 


a Harphchord, with the Semitones, or Half- 
Notes, called Flats and Sharps, by which the 
natural Notes are made half a Note lower or 
higher, as the Air of the Song or Muſic re- 
quires. And this is called the DIAToNIC 
ScALE of Muſic. 

I this Scale, the ſeven natural Notes 
are marked on the Keys by the ſeven Let- 
ters C, D, E, F, G, A, B. The firſt of 
which is called the Fundamental or KEY; 
the reſt in Order are the Second Greater, 
the Third Greater, the Fourth Greater, the 
Fifth, the Sixth Greater, the Seventh Greater, 
and then the Eighth, which begins the next 
Octave. Between theſe are interpoſed the 
five Semitones, viz. the Second Leſſer, the 
Third Leſſer, the Fourth Leſſer, the Sixth 
Leſſer, the Seventh Leſſer. Theſe ſeveral ' 
Tones and Semitones have the Lengths of 
the Strings adjuſted from the Diviſion of the 
MonocnosrD, or Line divided into 100 or 


L000 equal Parts, as is very eaſy to yore: 
hend from the Figure. 


Tux Number of thoſe Diviſions are alſo 
ſhewn for each String, by the firſt Series 
of Numbers on the Strings; the next Se- 

| ries 
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ries ſhew the Proportion of the Length of 
each String to that of the Key, or Mono- 
chord; and conſequently the Number of 
Vibrations of the Fundamental and each 
String reſpeQtively, performed in the ſame 
Time. 
Or theſe twelve Intervals or Ratios of 
Muſical Sounds, the Octaves and Fifths are 
perfeft- Concords ; the Third Greater, Third 
Lefler, the Greater and Leſſer Sixth are 
imperſect Concords ; the Greater Fourth, the 
two Seconds, and Two Sevenths are Diſcords ; 
the Fourth is in its own Nature a perfect 
Concord, but lying between the Third and 
Fifth, it cannot be uſed as ſuch, but when 
joined with the Sixth, to which it ſtands 
in the Relation of a Third. All MELopy 
and HARMONY are compos'd of theſe 
| twelve Notes; for the Octaves above or 
| below are but the Replications of the ſame 
i Sounds in a higher or lower Tone. Mx- 
| LODY 1s the agreeable Suceeſſion of ſeveral 
| Muſical Sounds in any ſingle Piece of Mu- 
| ſic; as HARMONY is the Effect of ſeveral 
of thoſe Pieces or Parts of Muſic pays to- 
gether. (CVIIL) 
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(CVIII.) 1. In order to accou: for the Motion and Plate 

| Tone of an elaſtic String, or Muſical Chord A B, it XXX1IE. 
will be * to conſider it as tended or ſtretched by a Fig. 7. 
Weight, 
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 HarMoNnICAL PROPORTION is that which 
is between thoſe Numbers which aſſign the 
Ig _ Lengths 


Weight, as F, according to its Length; and drawn out 
of its right-lin'd Poſition A B, into an oblique Poſition 
A D B, by another Weight, as E. The former may 
| = call'd the Tending Force, and the latter the Inflecting 
arces Ot 8 5 08 
2. Now ſince the Tending Force F acts upon the 
String in the Direction D B, it may be repreſented by 
the Line CD, which Line or Force may be reſolved 
into two others, viz. CB and CD; of which the 
former draws the String horizontally from D to B, and 
the other acts in drawing the String directly upwards 
from D to C. Therefore the Part of the Force which 
acts in drawing the String perpendicularly upwards is 
to the whole Force as ch to DB; or, by ſuppoſing 
DC to be indefinitely ſmall, as C D to CB; becauſe in 
that Caſe DB=CB nearly. But the Force which 
acts in drawing the String upwards is equal to the In- 
flecting Force, becauſe they balance each other. There- 
fore the Inflecting Force E is to the Tending Force F 


as CD to CB, 42 D. 
3. Therefore, putting C D=S, and 2 C B=L= 


BC 

: F * 8 

the Length of the String, we ſhall have LE; 
hence it follows, that if F and L are given, that is, 
if the Lending Force and Length of the String remain 
the ſame, the Inflecting Force E will be always as the 
Line CD =S. This is confirmed by Experiment: 
For if AB be a Braſs Wire 3 Feet long, ſtretched 
over the Pulley at B by a Weight F = 3 Pounds ; if 
then E be firſt 2 an Ounce, it will draw the Wire 
through CD = + of an Inch; if E be an Ounce, it 

will draw it through C D =+ of an Inch; and fo on. 
4. The String being drawn into the Poſition AD B 
has an Endeavour to return, which is call'd the Rei- 
tutive Force, and which re-aQts againſt the wy ty 
| £24 orce ; 


2 
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Lengths of Muſical Intervals, or the Lengths 
of Strings ſounding Muſical Notes; and of 
three 


Force; it muſt therefore be equal to it, and conſe- 
quently proportional to the Line CD. Wherefore the 
Point D is carried towards C with a Force every where 
proportional to the Diſtance or Space paſſed over. But 
we have ſhewn, that the Spaces paſſed by Bodies in 
Motion are as the Times and Velocities conjointly, 
that is, S: TV; (See Annotation XXII.) alſo that the 
Force of moving Bodies is as the Quantity of Matter 
and Velocity conjointly, viz. M = AV; therefore- 
8 M 


TEVED or TM =SQ. But in the preſent 


Caſe Q is a given Quantity, therefore TM is as 8; 


and becauſe it has alſo been ſhewn thag, M is as S in 
the preſent Caſe of the String, therefore I, or the Time 
in which the Vibrations are made, whether through 
reater or ſmaller Spaces, 1s ever the ſame, or a given 
. | ö 
5. The Reſtituent Force of the String, as it aQs 
through very ſmall Spaces, may be looked upon as uni- 
form; and then the Motion generated in the String 
will be as the ſaid Force and Time of its acting, that is, 
M: ET. Nov in all Caſes it is M: QV ; but here 
it is Q: D* L, (ſuppoſing D = Diameter and L = 
Length of the String) therefore M: E T : D* LV, 
and conſequently T : - F = but before, we had E: 


775 which ſubſtituted in the above Ratio gives T i 


D. EXL. But (inee S: TV) wehaves : A theres 


; 2 ; that is, F T* : D*L?, therefore F . 
DL 


D L; conſequently, f ws That is, the Time of 


a Vibration is as the Diameter and Length of the String 
Vo. II. ; 8 5 directiy, 
8 
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three Numbers it is, when the Firſt is to the 


Third, as the Difference between the Firſt 


and 


directly, and as the Square Root of the Tending Force in- 


verſely. | 
Hence if D and F be given, T is as L; that is, 
if the Diameter of the String and its Tending Force 


continue the ſame, the Time of a Vibration will vary 


with the Length of the String, or be always proportional 
to it. Thus & of the Monocherd vibrates in 4 of the 
Time that it does, which is called an Octave; + of the 
Monochord vibrates in 3 of the Time, and is called a 
Fifth ; 4 vibrates in 4 of the Time, and is called a 
Fourth; and fo on. 

7, If F and L be given, T is as D; that is, if the 
Tending Force and Length of the String remain the 
ſame, the Time of a Vibration will vary with, and be 
proportional to, the Diameter of the String. 1 

3 If D and L be given, then J is inverſely as F.; 
that is, if the Diameter and Length of the String be 


| given, then the Time 4 a Vibration will be as the Square 


ots 1 the Tending Force. | | 
9. Now as the Tone of a String depends _— 


upon the Time of a Vibration, it is eaſy to underſtan 


that whatever the ſounding Body be, or how many 
ſoever there be together, if when they emit a Sound the 
Vibrations in each are of the ſame * Pann fa they will 
all be of the ſame Note, Tone, or Tune, which is 
called Uniſon. "as 

20. In a Drinking-Glaſs, if a Perſon paſſes his wets 
ted Finger briſkly round the Brim of the Glaſs, preſſing 
it at the ſame time, he will by Degrees raiſe Tremors or 


Vibrations in the Parts of the Glaſs, which will produce 


a Tone or Sound, which will be conſtant ſo long as 
the. Action of the Finger is continued, and more and 
more intended or heightened : So that if the Action be 
continued long enough, the Agitation will be ſo great 


as to diſengage the Particles, or break their Continuity, 


and thus reduce the Glaſs to Pieces, if not too ſtrong. 
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and Second is to the Difference between the 
Second and Third, as the Numbers 3, 4, 6. 
Thus if the Lengths of Strings be as theſe 
Numbers, they will found an O#ave, 3 to 
6; a Fifth, 2 to 3; anda Fourth, 3 to 4. 
AGAIN : Harmonical Proportion between 
four Numbers is, when the Firſt is to the 
Fourth 


11. The Sound excited in the Glaſs ſeems one entire 
Effect, whereas it is in reality an Aggregate or Aſſem- 
blage of an indefinite Number of Sounds, each effected - 
by each ſingle Vibration of the Glaſs ; but as the Times 
of the Vibrations are ſo quick and ſhort, their Intervals 
will be imperceptible, and conſequently the Diſtinction 
of the particular Sounds, which will therefore be loſt, 
and the Whole will appear but one entire Sound. After 
the ſame Manner a red-hot Coal whirl'd about makes the 
Appearance of a fiery Circle, becauſe the Coal ſucceeds ' 
to every particular Point of the Circle fo quick, that a 
new Impreſſion is made upon the Retina before the 
Effect of the laſt is abliterated, and ſo. the Coal appears 
in every Part of the Circle. | 
| 12. The Tremors of the Glaſs are made extremely 
| ſenſible by putting a little Water into the Glaſs ; for the, 
| Agitations of the Glaſs will by Degrees give Motion to 
the Water, which Motion will continually be increaſed 
till it be thrown up from the Surface in Form of a Miſt 

all over the Glaſs, and to a confidefable ' Height above 

it every way. It is remarkable, that the Motion of the 

Water is in Form of a Vortex, circulating Fey the 
Sides of the Glaſs, and raging with impetuous Waves 
like the Sea after a prodigious 'Lempelt. | 

13. Or otherwiſe theſe Vibrations of the Glaſs are 
made ſenſible by adjuſting a Screw very near the Rim of 
the Glaſs; then upon ſtriking the Glaſs, it will imme- 
inſt the End of the Screw 
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diately be heard to ſtrike aga 
which will ſhew not only the Vibration of the Glaſs, 
but alſo that in vibrating, the Form is alter'd from cireu- 
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Fourth as the Difference between the F. irft and 
Second is to the Difference between the Third 
and Fourth, as in the Numbers 5, 6, $, 10: 
For Strings of ſuch Lengths will found an 
O#ave, 5 to 10; a Sixth Greater, 6 to 10; 
a Third Greater, 8 to 10; a Third Leſſer, 
5 to 65 a Sixth Leſſer, 5 to 8; a Fourth, 

6 to 8. 


* 


Ir may be here obſerved, that a Series of 


Numbers in Harmonical Proportion are reci- 


Procally as Anatber: Series in Arithmetical Pro- 


greſſon. Ter. is. 3 | 
Harmomical 10:12:15: 20: 30 bo: 
Arithmetical 6,: 5 : $5IJ „ 0 


for here 10: 125 : 6 ndr 15 24 


5; and ſo of all the «At - Whence thoſe 
Series have an obvious Relation to, and 
Dependence on, each other; which in ſome 
Problems of ſpeculative Philoſophy will be 
very uſeful to know: (CIX.) 

of 


(CIX. * 1. Let A, B, C, be three Numbers in Mu- 
fical Proportion then becauſe we have A: C:: A 
B: BC, therefore AB AC = AC—BC; whence 
if any two of the three be given, the other 1 is immediate- 
ly found by the following Canons, viz. 9: 


Canon I. If A and B be given, then C =, 


CAN III. If B and C be given, then Az r 
2. Thus, 


| 2 A- 
Canon II. If A and C be given, thenB = ——— 
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Ir the three Lines A D, B G, CH, be 
taken in Muſical Proportion, or as the 
5 Numbers 


2. Thus, for Example, ſuppoſe you would find a 
Muſical mean Proportional between the Monochord 100 
= A, and the Ofave 50 2 C; then by Canon II. We 

2A C looo 


have B= SID = 66,6, which is 'the Length 


of that Chord which is uſually called the Fifth. | 
3. Again, If there be four Numbers in Muſical Pro- 
portion, as A, B, C, D; then, ſince it is A: D:: 


A- B: C- D, we have AC AD = A DD B. 


From which Equation we have the following Canons. 
CANON I. A ID <T 


Canonll. B=2D—-C 45. 

CANON III. C — ＋ D * 
AC 

CANON IV. D 7 
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4. Hence, when any three of thoſe Numbers are 


iven, the fourth may be found by the above Canons. 

hus to the three Numbers 10, 8, 6, we find a fourth 

Harmonical Proportion, which is 5, the Octave; for 
| A x C 10 * 6 


thus the Theorem will ſtand, A5 — 19 


— 25. | 


12 


render it more N : 
Let the Terms of an Harmonic | 
Series be _—_ by: F A. B. C, P, E, F, Ie, 
And let the Difference between a 
each two be denoted by M,N, O, P. Q S 
6. Then will the Product of the two firſt Terms, 


viz. AB, be to the Product of any _ * __ 
immediately ſucceeding each other as C x D, in the 
e Fon S 


5. But to carry this Harmonical Theory farther, and 


= 9 
l f — * y «+ 
— D e — + 1 9 * — L. Fa - 
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Numbers 6, 4, 3; and in the Line AD 


we take AE equal to BG, AF equal ta 
Ci. 


ſame Ratio with their reſpective Differences M and 
O. For by the Definition of Muſical Ratio we 
have ASG::M:N 
*{B:D::N;0 TED 

Therefore Ax B: SP. :MxN; Nx O:; M: O. 

a :N 

Allo {B 80 

C-SuWw:r 

Therefore AxBxC: CxDxE (2: AxB Wo 
XE) © : MxNxO : NxXOxP:: M P. That 
is, A B: DE:: M P; and ſo on univerſally, 

7. Again; the Difference between the two firſt 
Terms M is to the Difference between any other two, 
as O, in the Ratio of B-2M to D; or M: P:: B 

3M: E; or M: Q:: B- 4AM: F; and ſo on 
continually. For, by the Nature of the Yu 0 it 
= A: Ci: M:; N; and it is allo A=B— 19 o- 
cauſe B A M) cherefore it is B M: CE: 

N; or, to put it in Form, we have M:N::B—1 M 

: C. Again; B M: M:: C: N; and by Divi- 
ſion B — 2M : M.: CN: NZ: B: N; but (by the 
Definition, At. 1.) „ Wc; 1 O, therefore 
M: O:: B-2 M: D. Again; B- M: M: 
D-O;O0::C:O::E:P ; therefore M: P: - Bw 

M: E. And univerſally, let » = Number of Terms 

n the Series between the firſt and the laſt, and let the 
laſt Term be Z, and let the Difference between it and 
the 1 preceding Lerm be 8; then will it be M: S:; 
B — 72 

8. — Sf y Art. G.) it is M: S:: AxB: VZ, 
ſuppoſing Y, the two laſt Terms of the Series; 
therefore AxB: YxZ4::B—-nM:Z. 

9. Becauſe the firſt Term of ry Series is A 


= and the ſecond Term B = 


De © 4 pen a OT 3 Et 


OO 
as * 
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CH, then will the Line AD be divided in Har- 
monical Proportion, in the Points A, F, E, D; 
vs AD: AF:: DE: EF. And in this 
Manner 1s the Axis of a convex and concave 
Mirrour divided by the Object, the Image, 

8 the 
In the ſame Manner it is ſhewn, that the third Term is 


.I. ANB . 
C = BIT the fourth Term B=3M and uni- 


verſally, ſince A B: VX Z :: B- M: Z, or, di- 


viding the Conſequents by Z, A* B: Y:: B- M: 13 


therefore Y = LIL and ſince 1 = Number of 


Terms between A and Z, it will expreſs the Number or 
Place which the Term Y holds in the Series. Therefore 


any Term Y is equal to the Product of the firſt and ſecond = 


Term B of the Series divided by the Difference between 


that ſecond Term B, diminiſhed by ſo many times its Dif- 
ference from the firſt, as is equal to the Number of the 
Terms from the firſt to the given Term . 


10. All the Terms in a Muſical Progreſſion are among 
themſelves as Quantities whoſe Reciprocals _ a Se- 
ries in Arithmetical Progreſſion. I hus the 


firſt Series A, B, C, D, E, &c. are (by Art. 3 _ 


B 2 
ASB ANB. AN 7 to AXB „nich 
B=M> Fi B-o3M © © Bon? 


Series divided by A x B gives the Series I, FI 


erms of the 


li BN to 1 But the Reciprocals 
of this Muſical Series are B, B-M, B- aM, B- z M, 
to B- M; which Terms are all in Arithmetical Pro- 
greſſon. If the Harmonic Series had been decreaſing, 
viz. A-B=M, B—-C = N, Ec. we mould have 
had A= M — g, _— Signs of M and B changed, 
butgevery thing elſe the ſame. 
Wen thing elle the fume, 
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String four Feet long, and C D another of 
one Foot; if the latter be ſtruck with a 
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the Vertex of the Mi rrour, and the Center, as 


may be eaſily ſhewn by Experiment. 
ALso the Limits of the Colours of Light, 


as ſeparated by the Priſm, fall upon the ſeven 


Mufical Diviſions of the Ni wr; as will 


be farther taken Notice of, and exemplified 


in the next Lecture, 
I ﬆ&ALL conclude this with taking no- 


tice of one ſingular Property of a Muſical 
Chord, pix. that it will be put into a vi- 


bratory Motion by the Pulſes of the Air 


proceeding from the Vibrations of another 
very near it, and in Concord with it : If 


the vibrating String be Uniſon with it, the 


other will tremble th rough its wwhole Length; 


if an Octave, it will vibrate by the Half- 


Lengths only ; if the String which com- 
municates the Motion be a * Double- Ofaye 
above, or One-Fourth of the Length of the 
other, the Motion will be ſtill correſpon- 
dent in that other String, for it will vi- 
brate only by the Fourths af i its Length from 
Thus if AB be a 


Quill, che Vibrations will be communi- 


cated to the farmer in ſuch a Manner that 


it will vibrate only by a Foot- Length at the 
ſame time through the whole String; which 


+ 


— 
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will be evident by the ſmall Pieces of Paper 
b, d, f, h, hung upon the Middle of every 
Foot-Length, ſuddenly leaping off; while 
the other Pieces a, c, e, g, i, remain un- 
moved upon the String at the End of 
every Foot, where the Vibrations ſeve- 
rally begin and end, and conſequently 
where the Line has no Motion at all. 
(C X.) 


CX.) 1. What is here faid relating to Mirrours, 
and the Colours of Light, will be explained and de- 
monſtrated in its proper Place. That one String A 
ſhould be put into Vibration by another B, by means of 
the Air, is not ſtrange, becauſe the Air will affect the 
String A with the ſame Impulſes it receives itſelf from 
the String B. If therefore the String A be under the 
fame Circumſtances with the String B otherwiſe, (i. e. if 
it be of equal Magnitude, and equally tended) it muſt 
neceſſarily move in a ſimilar Manner, or vibrate in an 
equal Time. ny 

2. If the String A be twice the Length of B, then 
(ceteris ate ) the Air by its Impulſe received from B 
cannot fo affect A as to cauſe it to vibrate through its 
whole Length; but it will ſo affect each Half of A as 
to produce a fimilar Effect, or equal Vibrations. Hence 
the String A will become divided in the middie Point, 
which will be at reſt. 5 

3. And if the String A were three Times as long as 
B, it would be for the ſame Reaſon divided into three 
Parts, whoſe Vibrations are ſynchronous t thoſe of B, 
with two Points of Reſt between ; and 60 on for any 
other Length. Alſo, if the Lengths of A and B are as 
3 to 2, then if they are Concords, and one be ſtruck, 
the other will be put into Motion by Degrees, and in 
fuch a Manner as will alter the Vibrations of the firſt +. 
String B, and each will vibrate by their aliquot Parts, 
ang therefore in equal Times. 4 
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LECTURE VIII. 


Of the — and Properties of LIonr; 
the VELOCITY thereof how d. iſcovered, and 
computed. Of the Nature of HEAT, FIRE , 
FLAME and BURNING. Of the I6NEs 
FaTur, NocTILUCEX, natural and artifi- 
cial PHosenoRI. The THEORY of HEAT 
and Col. v. Of As ESTOS. Of the Na- 
ture and Effect of BUnNING-GLAss Es, 
whether Mirrours or Lenſes. A Calcula- 
tron of the Liar and HEAT of the 
Moon. Of the Cauſe of 'TrxAnSPAREN- 
CY and OrAciTyY in Bodies. Of the RE. 
FLECTION of Light; of its INFLECTION ; 
the RETRACTION of Light. The Fun- 
damental Laws thereof demonſtrated. The 
different REFRACTIVE POWER of various 
Subſtances. The Ratio of the Sines of Inc1- 
DENCE and REFRACTION flated. Of the. 
Tak and ApPARENT PLACES of Ob- 
jefts, Of the AxALxYSsIs of the Solar 
Rays; the ſeveral KI DS thereof, their 
different REFRANGIBILITY flated; Ex- 
PERIMENTS relating thereto by the PRISM. 


Of the various CoLouRs of Light by the 
priſm 


= 
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Priſm; the Harmonic RATIO of their 
Linear Extent in the Sun's Image. The 
CoLouks of Natural Bodies thence ex- 
Plain d. Of the different REFLEXIBILITY 
of the Solar Rays, and Experiments re- 
lating thereto. "The Manner and Cauſe 
thereof enquired imo. Of RI NS of co- 
LoUR'd LIGHT between GL Ass PLANES, 
and BuBBLEs of WATER. The different 
Onpꝑns and DEGREES of the. ſeveral Co- 
lours explain d. The Fits of EASY RE- 
FLECTION and TRANSMISSION explain'd. 
The Artificial COMPOSITION of COLOURS. 
Of the RAINBOW; 7ts Cauſe explain d; 
Calculations relating thereto, The Phæno- 
mena of HALo's confidered and accounted 


for. 
HAT Light is not a mere Quality bf 


ſome Bodies, but is itſelf a real Body, 


or diſtin Species of Matter, and endued 
with all the natural Properties thereof, 
will, I preſume, be ſufficiently manifeſt 
from the following Experiments relating 
thereto. We ſhall therefore, at preſent, 
take it for granted, that Light confiſts of in- 
concervably ſmall Particles of Matter of dif- 


ferent Magnitudes, which are emitted or re- 
fected from every Point in the Surface of a 


lummous 
4 
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luminous Body in Right Lines, and in all Di- 
refions, with an unparallel d Velocity, and 
whoſe Power or Intenſity decreaſes as the Squares 
of the Diſtances increaſe. 

THAT the Particles of 1 are re- 
fracted through the  Humours of the Eye 
to the N or fine Expanſion of the 
Optic Nerve over. all the interior hinder 
Part of the Eye; and there, by painting 
the Images of external Objects, become 
the immediate Means of Sight, will be 
fully ſhewn in the next Lecture. 

Wx ſhall now conſider Light under the 
various Characters and Qualities of a na- 
tural Body, and point out thoſe remark- 
able Affections and Properties ſo peculiar 
to itſelf, and the Cauſes of ſo many very 
curious and extraordinary Phænomena in 
Nature. 

Tur the Particles of Light are incon- 
ceiveably ſmall, is evident from hence, that 
the greateſt Quantity of Light, in the State 
. of greateſt Denſity, or F. lame, is found tq 
have ſcarce any ſenſible Grayity or Weight, 
which, we have ſhewn, is always propor- 
tional to the Quantity of Matter in all 
Bodies: Alſo, becauſe thoſe Particles per- 

vade the Pores of all tranſparent Bodies, 
n hard or heavy, as Glaſs, and Ada- 
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mant. But we know it more eſſ pecially 
from hence, that the Stroke we receive by a 
Particle of Light has no ſenſible Force or 
Momentum, which, on account of its prodi- 
gious Velocity, would be very great, and 


inſufferable, were it of any aſſignable or con- 


ſiderable Magnitude. 

ATT, ſmall as they are, we find the Rays 
conſiſt of different Sorts of Particles in 
Light emitted from all Bodies; and that 
this Difference of the Rays of Light ariſes 
from the different Magnitude of "the Par- 
ticles, ſeems moſt evident. from · the different 


Directions the ſeveral” Sorts of Rays move 


in, after they have paſs d through a Body of 
Glaſs, Water, Sc. of ſome ſpecial Figure, 
as that of a Priſm eſpecially. 

Trar the Particles of Light are emi 
from every Point in the Jurkace of a Body, 
is evident from hence, that any given Point 
in that Surface is viſible to the Eye in any 
Situation, from whence a Right Line can 
be drawn from the Eye to that Point; 
which could not be, if the Light were not 
propagated from that Point in all Direc- 
tions. 

Tuar they proceed from the Body in 
Right Lines, is clearly ſeen by Experiments 
on the Sun-Beams, Candle-Light, Sc. in 

a darken'd 
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a darken'd Room; alſo from the Shadows 
which Bodies of every Figure caſt, being 
ſuch as would be determined by Right 
Lanes drawn from the luminous Pomt 
touching the Extremities of thoſe Bodies. 


CXI.) 
En ThE 


(CXT.) 1. Before Sir 1/aac Newton's Time, ſcarce 
any thing of the Nature or Properties of Light was 
known. It had been eſteem'd a mere Quality or Mo- 
dification of Matter, and was propagated by Preſſion, 
and I know not what of ſuch Kind of Stuff and ſenſeleſs 
Jargon; than which nothing can be more tireſome to 
4 or irkſome to repeat. Leaving therefore the idle 
contemplate this 

lorious Phænomenon in the Newtonian Manner, which 
diffuſes Luſtre over the whole Face of Nature, and adds 
new Splendour even to Light itſelf. 

2. That Light is a material Subſtance, and what we 
properly call Bach, is not to be doubted; becauſe we 
find it is ſomething that has Motion, or is propagated in 
Time; ſomething that acts upon Bodies, and produces 
great Alterations and Changes in their Natures and 

orms. It is ſomething that Bodies act upon, by re- 
flecting, inflecting, and refracting it on their Surfaces, 
and in their Pores : And it would appear to have 
Weight, and all other ſenſible Qualities of common 
Matter, were it not that the Smallneſs of its Quantity 
renders them entirely imperceptible by us. | 
3. Nor are we to conſider Light only as a Body, but 
as the moſt active Principle or moſt general Agent in 
Nature. I greatly queſtion if it be not the true Primum 
Molile in Nature, or the Spring of Motion and Action 
in all other Bodies. Were the Particles of Light to be 
annihilated, we ſhould ſee no Marks or Footſteps of 
Fire or Heat remaining, and therefore no Power of Mo- 
tion in Bodies, but all Things would put on the Appear- 

ance 
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Tas Velocity of the Rays of Light ſur- 
paſſes that of all other Bodies we know of, 


By 


ance of lifeleſs inert Matter, rigid and inflexible, as it 
would be abſolutely cold and dark. 
4. The Divine Wiſdom and Providence appears per- 
haps in nothing ſo — as in the extreme Subtil 
of the Particles of Light. Without this Qualification it 
could not have pervaded the Pores of Bodies, -and ſo we 
could have had none of thoſe which we call diaphanous 


or Nero Subſtances, and every thing but the Sur- 
face of a Body would have been concealed trom the Sight 


of Mankind. Again; the Velocity of a Body is always 


as the Quantity of Matter inverſely; and therefore the 
ſmaller the Body, the greater Velocity it is ſuſceptible of 
from the ſame Force; whence it comes to paſs, that 
Light is thus qualified to be tranſmitted thro* immenſe 
Diſtance in a ſmall and inſenſible Part of Time; which 
Thing was quite neceſſary, according to the preſent 
Frame and State of Nature. | 

5. But laſtly, it was abſolutely neceſſary that the Par- 
ticles of Light ſhould be fo exceeding ſmall, that when 
compounded with its Velocity it ſhould produce no 
ſenſible Force, as it muſt otherwiſe have done, and 
which therefore could not have been borne by the tender 
and delicate 'I exture of the ſeveral Parts of Vegetable 
and Animal Bodies. To give an Example: The Ve- 
locity of a Particle of Light is found to be at the Rate 
of 897600000 Feet er Second; ſuppoſe its Matter to 
be but one Millionth Part of a Grain, then its Force to 


firike an Object would be as On = 897,6 Feet 


per Second for one Grain; or it would ſtrike with the 
ſame Force that one Grain Weight would do falling 
from half that Height, viz. through 448, 8 Feet; which 
we ſhould find to be very great, were the Experiment to 
be made on the ſenſible Coats of the Eye. 

6. Since the Weight of Bodies is proportional to the 
Quantity of Matter, it follows, that where the latter is 
diminiſhed indefinitely, the former will be ſo too; there- 


fore 
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By obſerving the Times of the Eclipſes of 
Jupiter s Satellites when the Earth is near- 
| eſt, 


ſore the Weight of Light muſt be inſenſible in ever ſo 
great a Quantity of it. Dr. Boer haave cauſed a Globe 
of Iron 12 Inches in Diameter to be heated red-hot, and 
ſuſpended at the End of a very exact Balance, and coun- 
terpoiſed by Weights at the other End very nicely, and 


thus let it hang till all the Particles of Heat or Light 


were eſcaped, when he found the Equilibre of the Ba- 
Lance no ways alter'd; which plainly proves the above 
Theſis. ' > ia 4 

SH That the Particles of Light have not only Magniz 
tude, but that in different Degrees alſo, is another and 
| we the moſt ſubtle Diſcovery of the Newtonian Phi- 
lofophy. The comparative Terms of Greater and Leſſer 
are now as applicable to the Particles of Light, as to 
any other Bodies. This is abſolutely proved by the 
different Refrangibility they are found to have in paſſing 
through a Priſmatic Fi ure of Glaſs or Water ; for the 
Power of the Priſm Stilii the iſſuing Particle, and 
draws it a little towards the Surface ; and fince this 
Power is the ſame, it would have the ſame Effect on all 
the Particles of Light, if they were all of an equal Mag- 
nitude, becauſe they have all an equal Velocity. But 


ſince this Effect is different among the Particles, ſome 
deing detained and drawn aſide to a greater Diſtance 


than others, it follows, they muſt be leſs in Magnitude, 
to become more ſubject to the Influence of the attract- 
ing Surface; in like manner as the electric Effluvia will 
act upon and agitate very ſmall and light Bodies, much 
ſooner and more eaſily than they can move thoſe which 
are larger. But of this more when we come to ſpeak 
of the Manner in which this Power acts refracting the 
Rays of Light. | 
g. If Light were not refle qed from every Point in the 
Surface of a Body in all Directions every Way, there 
might be aſſign'd a Point of Space where a Ray of 
Light from ſuch a Point in the Surface does not come; 


aud there the ſaid Point of the Surface could not be vi- 


ſible 
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eſt, and again when it is fartheſt diſtant» © 
from that Planet, we ſhall find, that in 
the former Caſe thoſe Eclipſes happen 70 
ſoon, and in the latter 700 late, by the Space 
of 8 Minutes and 13 Seconds; which ſhews, 
that in that Time the Light paſſes over 
the Semidiameter of the Earth's Orbit, 
which 1s about $2,000,000 Miles ; which 
is at the Rate of 170,000 Miles in a Second 
of Time, and which is therefore nearly 


680,000 times greater than the Velocity of 
Sound. (CXII.) | 
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a AGAIN: 
ſible, but becauſe the Eye can find no Point of Space in 
all the viſible Hemiſphere reſpecting that Point, but where 
it is viſible, therefore a Ray of Light is reflected from 
that Point to every Part of Space, from whence a Right 
Line to that Point can be drawn. 

9. That the Rays of Light proceed in Right-lined 
Directions, is evident from hence, that whatever the 
Figure of the Body be, if it be held perpendicular to 
the Rays of Light, it will always caſt a Shadow of the 
ſame Figure againſt a parallel Plane. Thus a Circle 
will produce a cirgular Shadow, a Triangle a triangular 
one, and ſo on. Which plainly ſhews, that the Rays 
of Light paſs by the Extremities of thoſe Bodies in 
Right-lined Directions, excepting thoſe only which paſs 
contiguous to the Edges of the Body, for they will be a 
little inflected, which will cauſe the + xtremity of the 
Shadow to be not ſo diſtinct and well defined as it other- 
would be; of which we ſhall take farther Notice 
after. 3 

( — 1. As all the other Affections of Light, ſo 
that of Ve 22 was utterly unknown to all the Ancient, 
and moſt of the Modern Philoſophers, who, before the 
Time of Mr. Reaumur,. were of opinion that the Mo- 

Vor. II. | T | : tan 
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AGAIN: Since Light is propagated in 
Right Lines, its Power or Intenfity will 
__ decreaſe 


tion of Light was inſtantaneous, or that it was propa- 


' gated through immenſe Spaces in an Inſtant, But Mr. 


Reaumur and other Philoſophers about this time, mak- 


ing frequent Obſervations on the Eclipſes of Jupiter's 


Plate 
XXXV, 
Fig. 1. 


Moons, found that the Time of thoſe Eclipſes did not 
correſpond to the Calculations founded upon the Aſtro- 
nomical Tables ; where. the Times are all calculated 


forthe Diſtance of the Centre of the Sun, and conſe- 


quently, where the Eye of the SpeQator muſt be ſup- 
poſed to be in viewing the ſaid Eclipſes, Occultations, 
&c. of Jupiter's Moons. | 

2. To illuſtrate this Matter; let 8 be the Centre of 
the Sun, AB the Orbit of Mercury, CD the Orbit of 
Venus, EF that of the Earth, and GH a Part of the 
Orbit of Jupiter. Let I be the Body of 7 $o: and 
K L its ow, O MN the Orbit of one of Fupiter's 
Moons, M juſt entering the Shadow of Fupiter. Now 
a Spectator at S would obſerve the Moon M to enter the 
Shadow juſt at the Time which is calculated from the 
Tables; but a Spectator at the Earth at T always ob- 
ſerves it to happen ſooner; and when the Earth is in 


the oppoſite Part of its Orbit R, he will —_—_ obſerve 


both Caſes. This Obſervation gave the 


inutes in 
ſt Proof that 
Light was progreſſive, and took up about 14 Minutes 
to W over the Diameter of the Earth's Orbit from T 
to R, or 7 Minutes to paſs from the Sun 5 to the 
Earth T. | 8 | | 

3. But this, though a ſufficient Diſcovery or Proof 


it to happen later, by the Space of about 7 
r 


of the progreſſive Motion of Light, was yet but an Ex- 


periment in the Groſs, and not accurate enough to de- 


termine or define the true Rate of Velocity which did 


> 


really belong to Light. The Method by which it has 
been more nicely determined, was hit upon in the fol- 
lowing Manner: Though Sir aac Newton had demon- 
trated the Motion of the Earth from the Laws of Gra- 
vity, yet as his Book was underſtood. by ſew thoſe 

7 | wie 
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decreaſe as the Squares of the Diſtances 
increaſe ; and therefore the Light and Heat 
of 


who could not comprehend his Method -were willing to 
be ſatisfied of the Truth thereof otherwiſe, and rightly 
judged, that if the Earth did move about the Sun, it 


mult neceſſarily cauſe an apparent Motion in any fixed 
Object at a Diſtance from it. 


275 


4. Thus if ABCD repreſent the Orbit of the Earth, plate 
and A and C the Place of the Earth at two oppoſite XXX. 


Times of the Year; then a fixed Object at E will be 
ſeen from the Earth at A in the Line AE, which will 
point out its apparent Place at G in the Concave Ex- 
panſe of the Sky HI. But at the oppoſite Time of the 
Year, it will be ſeen from the Earth at C in the Line 
CE, which will project its Place in the Heavens at F: 
So that while the Earth has paſſed from A by D to C, 
the Object (though in Reality fixed) has appeared to 
move through the Space G F ; and the Angle which 
meaſures this apparent Motion of the Object, ©v:z. the 
Angle AE C is called the Parallactic Angle or Parallax 
of the Annual Orbit, becauſe it meaſures the viſible Ap- 
pearance of the Diameter AC of the Earth's Orbit at 
the Object E. 

5. This being the Caſe, it was applied to the fixed 
Stars, which they conclude would certainly have an 
apparent Motion, or Parallax, provided an Inſtrument 
could be made ſuff.ciently exact to obſerve it, and this 
would be a ſatisfactory Deacon of the Earth's 
Motion. Accordingly {tveral Perſons addreſſed them- 
ſelves to diſcover a Parallax of the fixed Stars; and in 
the Year 1725, the late Hon. Samuel Molyneux, Eſq. 
with an Initrument made by the accurate Mr. Graham, 
began to obſerve the bright Star in the Head of Draco as 
it paſſed near the Zenith. Profeſſor Bradley alſo ob- 
ſerved it along with him; and from many Obſervations, 


made with great Care, it appeared that the Star was 
more Northerly 39 Seconds of a Degree in September © 


than in March, juſt the contrary Way to what it ought 
to appear by the annual Parallax of the Stars. That is, 
E the 


© 


Fig. 2. 
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of the Sun at the Diſtances of the ſix Pla- 


nets, Mercury, Venus, Earth, Mars, Jupi- 
„ ter 


the Obſervers, who in September ſaw the Star at F, did 


in the March following obſerve it at K, in the Right Line 
A K parallel to C F, and not at G, where it ought to have 
appeared by the parallactie Motion. | 

6. This unexpected Phænomenon perplexed the Ob- 


ſervers very much, and Mr. Molyneux died before the 


Plate 
XXXV. 


Lig. 3 


true Cauſe of it was diſcovered. After this, Dr. Brad- 
ley, with another Inſtrument more exact and accurately 
adapted for this Purpoſe, obſerved the ſame Appear- 
ances, not only in that, but many other Stars; and be- 


ing by many Trials fully aſſured that the Phænomenon 


was not owing to any Error in the Inſtrument or Obſer- 
vation, applied himfelf to conſider what might be the 
Cauſe thereof; and after ſeveral Reflections and Hypo- 
theſes, which he ftill found inſufficient to account for it, 
he at laſt found, that it was really owing to the pro- 
greſſive Motion of Light, and the ſenſible Proportion 
which the Velocity thereof bore to the Velocity of the 
annual Motion of the Earth. | | 
7. This he was fully aſſured was the true Reaſon, 
not only becauſe nothing elſe could be thought of that 
would account for it, but becauſe ſuch an Appearance 
muſt neceflarily reſult from the abovementioned Hy 
theſis, as may be thus ſhewn. Let AB repreſent a 
Part of the Earth's annual Orbit, and let C be a Star 
obſerved by a SpeCtator at the Earth at A; when the 


Earth arrives at B the Star will not be obſerved at C, 


as before, but at D in the Line BD parallel to AC; 
for let AB be divided into the equal Parts A a, a b, bc, 
cd, and 4B, then through thoſe Points draw the Lines 
ae, bf, cg, dh, parallel to AC and DB. Now let 
the Velocity of the Earth be to that of Lightas AB to 
CB. When the Earth ſets out from the Point A, ſup- 
poſe the Ray of Light commences its Motion from the 
Star at C in the Direction CB perpendicular to AB; 
then *tis plain when the Earth is arrived at a, the Particle 
of Light will be got to i, the Point where ae cuts B - 
an 
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ter and Saturn, will be nearly as 700, 200, 
190, 43, 3, 1, ſuppoſing their Diſtances as 


the Numbers 4, 7, 10, 15, 52, 95. * 


| FROM 
and the Star will be ſeen in the Direction à i, and ap- 
rate. In like manner, when the Earth is at 6, the 
article of Light will be come to 4, and will appear at 
5 and ſo on; when the Earth is at c, % B, the Par- 


ticle will be at /, , and B, and the Star will appear at 


27 h, and D. 


8. If therefore the Line C A repreſents the Axis of a 
Teleſcope, making the Angle B A C with the Direc- 
tion of the Earth's Motion A B; when he comes to 
B he will ſee the Star at D, which he could not do if 
the Teleſcope was directed in the perpendicular Line 
B C; but the Difference of the Pofitions of the Lines 
DB and BC, or the Angle D BC, is fo very ſmall, 
as to amount to no more than 20” 15”, which gives 
the Proportion of the Sides BC toCD or AB, as 
10210 to 1; which ſhews that the Velocity of Light is 
ten T hoauſand two Hundred and ten Times greater than the 
Velocity of the Earth in ber Orbit. 

9. But the Velocity of the Earth is known, which 
is about 500,000,000 Miles in 365 Days, or about 
56,000 Miles per Hour, whence the Velocity of Light 
will be found to be ſuch as carries it through the Space 
of 170,000 Miles, or 897,600,000 Feet in one Se- 
cond ; and therefore it will paſs from the Sun to us in 
8“ and 13". | 

10. It a Cannon will throw a Ball 1 Mile perpen- 
dicular Height, or 5280 Feet, the Velocity with which 
it goes from the Mouth of the Cannon is the uniform 
Velocity of 10,560 Feet per 183“ (which is the Time 
of the perpendicular Aſcent or Deſcent) and therefore 
the Velocity of the Cannon-Ball is 578 Feet per Se- 
cond, . Whence the Velocity of Light is to that of the 
Cannon-Ball, as 897,600,000 to 578, or as 1, 550,00 
to 1 nearly. | | 

11. The Doctor found that the Parallax of the fixed 
Stars, inſtead of amounting 2 many Seconds, as many 
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Of LIGHT ad cen 


From the ſtupendous Velocity of lumi- 
nous Particles ariſe their prodigious Effects 
in regard of Heat, Flame, Burning, Melt- 


ing, &. Thus when they are conſide- 


rably denſe, they a& very forcibly on the 
Parts of an animal Body, and raiſe the 
Senſation of Heat, by the great inteſtine 
Motion which they produce in every Part, 
Hence all other Bodies are hotter or colder, 
as they contain a greater and leſſer Quan- 
tity of ignitious Particles, and ſo have a 
greater or lefler Degree of inteſtine Motion 
of the Parts, 

Ip 


have deduced from their Obſervations, does not make 
one Second; and from thence it follows that the aboye- 
mentioned Star in Draco is above 400,000 Times far- 
ther from us than the Sun; and conſequently, that the 
Light takes up above 493” * 490,000 = 197,200,000 
Seconds, (which is more than fix Years,) in coming 
from that Star to us. In the mean time we may re- 
flect how different are the Places of the Sun, Moon, and 
Planets in the Heavens from thoſe in which they ap- 
pear. Thus ſetting aſide the Refraction of the Atmoſ- 
phere, when the Center of the Sun is really aſcending 
in the Horizon, it will be 8“ 13“ after, that we obſerve 
it there; in which Lime the Sun will be far advanced in 
the Heavens. ny 

12. The Motion of the Earth is by this Method ab- 
ſolutely demonſtrated, and therefore put beyond all 
Doubt and Odjection. They who deny it now muſt con- 
feſs themſelves wholly ignorant of one of the fineſt and 
moſt important Diſcoveries that was ever made in A/tro- 
nomy, and which was finiſhed in the Year 1728 ; con- 
cerning which, fee Dr. Bradley's own Account in Phil. 
Tranſ. Ne 406, which we thall farther explain in a 
future Part of this Work. 


(CX1IL.) 
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Of Licnr and CoLous. 


Ir theſe lucific Particles are ſufficiently 
imbibed or generated in any opaque Body, 
they cauſe it to ſhine, or glow, or be- 
come red-hot; and by their prodigious 


Activity will in time diſunite, diffolve, 


and deſtroy its natural Texture, and thus 
change its Form, and reduce it to another 


Species of Matter; even the Aſbeſtos not ex- 
cepted. (CXIII.) 


Is 
(CXIII.) 1. That Heat, Fire, Flame, &c. are only 


the different Effects and Modifications of the Particles 


of Light, is, I think, very evident; and the Particles of 
Light themſelves depend entirely on Velocity for their 
lucific Quality; ſince by many Experiments we know 
that the Particles of Bodies become lucid, or Particles of 
Light, by only producing in them a requiſite Degree of 
Velocity. Thus the Particles in a Rod of Iron, being 
hammered very nimbly, ſhine and become red-hot. Thus 
alſo the violent Storke of the Flint againſt the Steel, in 
ſtriking Fire, puts the Particles of the Steel which it 
takes off into ſuch a Motion as cauſes them to melt, and 
become red-hot, which makes the Sparks of Fire pro- 


| duced by each Stroke. The ſame Thing you may ob- 


ſerve in many other Caſes. 

2. As Fire conſiſts in the great Velocity of the Par- 
ticles, ſa it may be communicated from one Body in 
which it is to another in which it is not, after the ſame 
Manner that one Body in Motion will communicate 
Motion to another Body that has none. Fire differs 
from Heat only in this, that Heat is a Motion in the 
Particles of a Body with a leſier Degree of Velocity; 
and Fire a Motion with a greater Degree of Velocity, 
viz. ſuch as is ſufficient to make the Particles ſhine, 
though we often call ſuch a Degree of Heat as will 
burn, Fire, though it does not actually ſhine ; and we 
ſeldom call thoſe lucid Bodies Fires which only ſhine 
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Ir the ignific Particles of Light are ſuf. 
ficiently condenſed, as. the Rays of the Sun 


by 


and do not burn. Theſe are a Sort of Phoſphor:, which 
though they have no Heat, yet feem to owe their Luct- 
dity to the Motion of the Parts, | 

3. This I think will appear for the following Rea- 
ſons: (1.) We obſerve ſeveral of thoſe Phoſphor: are 
owing to Putrefaction, as rotten Wood, very ſtale 
Meat, eſpecially Veal, ſome Sort of Fiſh long kept, 
as Oyfters,. Lobflers, Flounders, Whitings, &c. which 
Putrefaction is the Effect of a flow and gentle Fermen- 
tation, and that conſiſts in the Inteſtine Motion of the 
Parts, as we have formerly ſhewn. 42.) Moſt of thoſe 
Phojphori have their Light fo very weak as to ſhine only 
in the Dark, which ſeems to indicate a leſſer Degree of 
Velocity in the Parts than what is neceſlary to produce 
Heat; for ſuch a Degree of Velocity will cauſe Bodies 
to ſhine in open Day-light. (3) Some of thoſe NVec- 
tilucæ, or Bodies which thine in the Dark, are the Parts 
of animated Bodies, as in the G!ozw-H arm, a {mall Sort 
of Centipede, &c. but all the Parts of an Animal are un- 
doubtedly in Motion. (4.) Other Phoſphori put on 
e- Appearance of Flame, as the Ignis Fatuus, the 
Writing of common Phoſphorus made from Urine, 
Flaſhes of Lightning, &c. but all Flame is nothing 
but a kindled Vapour, whoſc Pagts are all in Motion, 
but may be too weak to cauſe Burning. (5.) Several 
of thoſe innocent lambent Flames may , their Mat. 
ter ſo agitated, or the Velocity of their Motion fo in- 
creaſed, as to produce Heat and burn: Thus the: Writin 
of Phojphorus on blue Paper, ſuikciently rubbed, will 
immediately kindle into an ardent Flame, and burn the 


Paper. (.) thoſe Phyſphory: ſeem to have the eſſential 


Nature of Fire, becauſe they are ſo eaſily ſuſceptible of 


@ burning Quality from Fire: Thus common Phoſpherus 


is immediately kindled into a moſt ardent and inextin- 
8 Flame by common Fire. (7. ) In ſtroking the 


Back of a black Horſe, or Cat, in the Dark, we pro- 


- 


duce innumerous Scintillæ, or lucid Sparks; in the ſame 
Manner 


Of Liehr and Col ounxs. 


by a Lens or Burning-Glaſs, they become 
ardent, and burn with an Intenſity propor- 
tional 


Manner as rubbing a black Piece of Cloth, which has 
hung in the Sun to dry, will cauſe it to throw out the 
Particles of Light which it had imbibed from the Sun; 
whereas a white Piece of Cloth, which reflects moſt of 
the Sun's Rays, emits no ſuch lucid Sparks in the Dark. 
Many other Reaſons might be urged to ſhew that Light 
of every Kind is owing to one and the ſame Cauſe in a 
greater or leſſer Degree, viz. to the Velocity of the Parts 
of the lucid Body. 

4. It has been juſtly obſerved by ſome of our modern 
Philoſophers, that aa! or abſolute Heat is to ſenſible 
or relative Heat the fame as Motion is to Velocity ; for 
abſolute Heat is nothing but the whole Motion of all 
the Parts of the ignited Body, and ſenſible or relative 
Heat reſpects only the comparative Velocity of the Parts. 
Thus equal Bulks of Mercury and Water ſet in a Sand- 
Heat, where the Heat of the F ire may be uniformly com- 
municated to both, will acquire in equal times equal 
Degrees of abſolute Heat; but the relative Heat of the 
Water, or that which is ſenſible to the Finger, will be 
near 14 times as great as that of the Mercury; becailſe 
the Water having 14 times a leſs Quantity of Matter, 
will admit of Velocity ſo much in Proportion greater. 

5. Again, if Mercury and Water have the fame re- 
lative or ſenſible Heat, that is, if both are heated in 
ſuch a Manner as to cauſe an equal Aſcent in the 
Thermometer; then a Quantity of Mercury will heat 
14 times as much Water as the fame Quantity of 
Water will do; or it will make the fame Quantity of 
cold Water 14 times hotter than the fame Quantity of 
hot Water can. All which is eaſy to be ſhewt by Ex- 
periment, and abundantly proves the Truth of the fore. 
going Theory, viz. That Heat and Fire are wholly ow- 


ing to the Velocity of the Parts of the heated or ardent - 


Body. 
6. The various Phænomena of Heat and Cold, Fire, 
Burning, &c. are rationally accounted for on this The- 


ory. 
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tional to the Denſity of the Rays in the 


Focus, or Burning-Point of the Glaſs ; which 
oy N e Denſity 


ory. For firſt, we are to conſider that Cold and Heat 
are only comparative Terms, or that the fame. Thing 
may be either hot or cold according to the relative Idea, 
or Srandard Degree, Thus Ice or Snow is ſaid to be 
cold with reſpect to the Finger, but Ice or Snow is 
warm if compared with a freezing Mixture. So that 


if (as we commonly do) we make the Hand or any 


Part of the Body the Standard of Heat or Cold, or the 
Term of Compariſon ; then *tis evident, (1.) If the 
Parts of any Body applied to the Hand have the ſame 
Velocity as the Parts of the Hand, ſuch a Body we 
naturally pronounce is neither hot nor cold. (2.) If 
the Particles of the Body have a greater Velocity than 
thoſe of the Hand, we pronounce it warm, if the Ex- 
ceſs be ſmall; but hot, if it be great. (3.) If the Ve- 
locity of the Parts of the Body applied be leſs than that 
in the Hand, the Senſation then is what we call Cal, 
which alſo may be in various Degrees. (4.) Hence it 
is plain there can be no ſuch Thing as ab/o/ute Cold, but 
where the Particles of Matter are abſolutely quieſcent or 
at reſt. (5.) Hence alſo there can be no ſuch Thing 
a$abſolute Heat, becauſe no Degree of Velocity can be 
aſſign'd, but a greater is aſſignable, till we come to In- 
finity, where we are quite loſt, as having no Idea of In- 


finite Velocity or Heat. 


7. From this Theory of Heat and Cold we may 
conclude, that there is mo Bedy in Nature whoſe Parts 
are not in Motion in ſome Degree, ſince we have yet 
been able to diſcover no ultimate Degree or Limit of 
Cold; and if any ſuch Thing were to be found in Na- 
ture, I believe it would be as impoſſible to bear or en- 
dure the Teftas any extreme Degree of Heat; both Heat 
and Cold naturally tending to deſtroy the animated Part, 
or Teſt, in the extreme | Sper Cold, by deſtroying 
the vital Motion, and fixing the Part rigid and inflex- 
ible ; but Heat, by putting the Parts in too great an 


Agitation, cauſing a greater Veloeity in the Fluids and 


Ditſipation, 
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Denſity of Rays in the Focus is always as 


the Area of the Burning-Glaſs directly, and 
| N tbe 


Diſſipation, and a Force of Tenſion in the Solids be- 
yond what the natural State of the Body can bear; 
and therefore it will inevitably deſtroy it. wx, 

8. Whatever be the acting Principle in Freezing or 
Congelation, tis certain, the Modus Fendi or Manner 

Operation, muſt be to diminiſh the Velocity of the 
arts of the congealable Subſtance to a proper Degree, 
by which Means the Fluidity will be loſt, and the Parts 
become rigid and fixed, "Thus if the Inteſtine Motion 
of the aqueous Particles be abated by the Admixture 
of any. extraneous Body, the Parts will be no longer 


fluid, but remain to Appearance fixed in a Congelation, 


and become a Body of Ice. Whatever this Principle 
of Freezing be, it is certainly of a ſaline Nature, be- 
cauſe it is well known Salt will greatly increaſe the 
Coldneſs of Water, Ice, or Snow; and freezing Mix- 
tures are always made there with, by equal Quantities 
af each. * | 

- 9. On the other Hand, fixed Bodies are rendered 
fluid by Heat, only by increaſing the Velocity of the 


Parts; thus lce becomes Water, thus Metals are put 


into Fuſion, and a greater Degree of Heat gives a {till 
greater Degree of Velocity to the Parts, and throws 
them off in the Form of a Steam or Vapour. This 
Steam or Vapour, if it conſiſts of ſuch Particles as will 


admit of a proper Increaſe of Velocity, will conceive. 


it very readily, and kingle into a Flame, at the Ap- 
proach of a Budy whoſe Parts are thus in Motion ; 
that is, of Fire or Flame. 

10. There ſeems to be no other Difference between 
Fire and Flame than this, that Fire conſiſts in a glow- 
ing Degree of Velocity in the Parts of a Body while 


yet ſubliſting together in the Mats ; but Flame is the 


ſame Degree of Velocity in the Particles diſſipated and 
flying off in Vapour ; or, to uſe Sir [aac Newton's Ex- 
preſſion, Flame is nothing elſe but a red-hot Vapour. 4 

a 11. The 
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the Square of the Focal Diſtance inverſely. 
Thus ſuppoſe the Surface or Area of 
one Glaſs contained 12 ſquare Inches, and 
its focal Diſtance were 8 Inches ; and the 
Area of another Glaſs were ꝙ ſquare Inches, 
and its focal Diſtance 4 Inches ; then the 
Effects or Intenſity of Burning would be as 
2:2 to ., Or AS 12 X 16 to 6 X 64, viz. as 
197 to 576. (CXIV). . 

WInEN 


11. The Effect of Fire in burning conſiſts in this, 
that the Velocity of the Particles of Fire ſo far inereaſes 
the Velocity of the Parts of the Body to which it is 
applied, as to cauſe a Separation beyond the Sphere of 
corpuſcular Attraction, by which Means the Body will 
be diſſolved, and the Particles which are volatile will 
fly off in the Form of Steam, Smoke, Fume, &c, 
while that which remains appears in the Form of 
Coal, Calx, Aſhes, Caput Mortuum, &c. 
132. The Parts of ſome Bodies are extremely vola- 
tile, and will moſt of them be difiipated by the Action 
of Fire; but others again are to be found whoſe Parts 
are of ſuch a Nature, or ſo fixed, as not to yield to 
the Force of Fire, or the Velocity communicated to 
them will not be able to diſſolve the corpuſcular Attrac- 
tion: But when this glowing Velocity of the Parts is 


"abated, or, in other words, when the Fire in the 


Body is extinct, the Parts (and of courſe the whole 
Body) appear unalter' d. Of which Sort of Subſtance 
we have a noble Inſtance in that Foffil call'd the Ae 
tos, or Amianthus Stone. This Stone is found in divers 
Parts of the World; particularly in ales a great deal 
may be ſeen adhering to, and growing up with the 
Stone of many of their Quarries. 

(CXIV:) 1. In order to account for the Nature of 
BurxING-GLASSES, whether Mirreurs or Lenjes, = 

m 
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Wuxx Rays of Light fall on the Sur- 
face of an opake Body, Part thereof are 
reflected 


muſt conſider the Area of their Surfaces, and the focal 
Diſtance; becauſe both theſe Quantities enter into the 


the Sun CD, E F, and L M, NO; then will all the 
Rays, falling on the Surface of theſe Mirrours, be re- 
feel to the Focus of the Glaſſes, where they will be 
concentered, not in a Point of Space, but into a ſmall 
round circular Area G H, and P Q. 

2. Now this circular Spot is the Image of the Sun 
inverted, in both Glaſſes; and the Angle under which 
the Image of an Object appears from the Centre of the 
Glaſs R and 8, is equal to the Angle under which the 
Object appears; all which will be ſhewn hereafter. 
Therefore the Angle GRH PS Q, and conſe- 
quently the Cones & R H and PS Q are fimilar, and 
the Areas of their Baſe G H and P Q will be as the 
Squares of their Heights RH and 8 Q, that is, as the 
Squares of their focal Diſtances directly. 

3. Let A = Arca or Surface of the large Glaſs, a = 
that of the leſſer, F and f the focal Diſtances, and P 
and p the Power of Burning in each. Then, -fince 
while the focal Diſtance remains, the Power of Burn- 
ing (74 will be as the Denſity of the Rays in the ſolar 
Spot H G, and this Denſity of the Rays will be as the 
Number of Rays reflected thither by the Glaſs, which 
Number of Rays will be as the Surtace of the Mirrour 
(A); therefore P will be as A directly in a Mirrour 
the ſame Concavity, that is, P: p:: A: a. 2 
4. Again, if the Area of each Glaſs be the ſame, 
the ſame Quantity of Rays will be collected, and con- 
verged to the Focus's G H and P Q, and conſequently 
the Denlity of thoſe Rays will be greater, the leſs the 
Spot is in which they are contain'd; conſequently the 
Power of Burning (P) in this Caſe is inverſely 1 ca 
| rea 


Plate 
Expreſſion of their Power of Burning. Let A B, and XXXV — 
I K, be two Mirrours expoſed directly to the Rays of Fig. 45 
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reflected to the Eye, which render it viſible : 
the other Part 1s tranſmitted, and variouſly 
| I reflected 


Area of the ſolar Spot, or the focal Diſtance, that is, 


P will be as =p 30rP pit Fr N fo: F. 


F > 
3. r e when neither the Area of the Glaſs 
nor focal Diſtance is given, we have the Power of 
Burning compounded of the direct Ratio of the Area 
and inverſe Ratio of the Square of the focal Diſtance of 
the Glaſs; or we have P: p:: Af“: a Fa; which is 
the Rule above laid down. 
6. It has been ſhewn (Annot. XCIIL.) that the Heat 
of Wood-Fire is about 35 times greater than that of 
the Summer-Sun (becauſe it raiſes the Fluid in the 
Thermometer 35 times higher nearly) ; therefore that 
a Glaſs may be able to. condenſe the Rays ſufficiently 
to burn, or to have the Heat of common Fire, the Sun's 
Image, or ſolar Spot in the Focus, ought to be at moſt 
but 4, Part of the Area of the Glaſs ; and as much as it 
is leſs than a r Part of the Claſs, ſo much the ſtronger 
will it burn. In this Caſe, if it be defired to know in 
what Part of the Pencil of Rays the Denſity is 35 times 
greater than the common Denſity, and where the Power 
of Burning is equal to that of common Fire, it is 
found as in the following Example. Admit a Glaſs 
be 9 Inches in Diameter, and let the Diameter of the 
required Circle be (a); then ſince circular Areas are as 
the Squares of their Diameters, we have 35: 1::9*:a* ; 


conſequently — = @*, and ſo a 2 = = 1,5 nearly; 


whence that Part of the Cone or Pencil of Rays, whoſe 


Diameter is 4 Inches, has the Denſity and Power of 


Burning required; and that this is Fact, and that the 


Denſity of the Rays but a little leſs than that will not 
burn, i 


know from repeated Trials with ſuch a Glaſs, 


or concave Mirrour. | 

7. Of Burning-Glaſſes we have ſome extraordinary 

Inſtances, aud ſurprizing Accounts of their prodigious 
| | Effects. 
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reflected through the Pores of the Body, 
till it becomes totally ſuffocated and loſt 
| | therein; 


Effects. Thoſe made of reflecting Wen ad more 


powerful than thoſe made with Lenſes, (ceteris paribus) 
becauſe the Rays from a Mirrour are reflected all to one 


Point nearly; whereas by a Lens they are refracted to 
different Points, and are therefore not ſo denſe or ardent. 
Alſo the whiter the Metal or Subſtance is, of which the 
Mirrour is made, the ſtronger will be the Effect; and 
it is obſervable, that the great Mr. Boyle having made a 
very large Mirrour of black Marble, it would not fo 
much as ſet Wood on Fire, though expoſed a long Time 
in the Focus, ſo ſmall a Quantity of Rays are reflected 
from black Surfaces, the Reaſon of which we ſhall here- 
after explain, | 

8. Among a great Number of Mirrours made for 
burning, melting, calcining, and vitrifying Bodies, that 
of Mr. Villette is worth our Notice. It was 3 Feet 11 
Inches in Diameter, and its focal Diſtance was 3 Feet 


2 Inches. The following Experiments were made with 
it by Dr. Harris and Dr. 88 


I. A red Piece of Roman Patera began to melt in 3, 


and was ready to drop in 100%. 


2. Another black Piece melted at 4“, and was ready to 
drop at 64”. 


3. Chalk taken out of an Echinus Spartagus, fled. 


away in 33”. 
4. A Foſſile Shell calcin'd in 7”. 


5. A Piece of Pompey's Pillar at Alexandria vitrified 
in the black Part in 50% and in the white Part in 


" 
6. ee vitrified in 8”, 8 | 
7. Slag, or Cinder of ancient Iron-Work, ready to 
run in 297”. | y - 
8. Iron-Ore fled at firſt, but melted in 24”. | 
9. Talc began to calcine at 40, and held in the 
Focus 64“. I 


10. Calculus humanus was calcined in 2”, and only + 


dropped off in 60“%i. 
11. A great Fiſh's Tooth melted in 32“. 
12. The 
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therein; and fince none of thoſe Rays 
come from the interior Parts to the Eye, 
| | we 


12. The Aſbe/tos ſeem'd a little condenſed in 28”, and 
Mr. Villette ſays, the Glaſs uſually calcines it. 
13. Marcaſite of Gold broke to Pieces and began to 

melt in about 3o”. | / 
14. A Silver Sixpence melted in 740. 
15. A Copper Half-penny (of King William's) melt- 
ed in 20”, and ran with a Hole in go”. 
16. A King George's ditto, melted in 16”, and ran 
in 34”. | 
/ Tin melted in 3”.. 
18. Caſt Iron melted in 16”. 
29. Slate melted in 3”, and had a Hole in 6“. 
20. Thin Tile melted in 4”, had a Hole and was 
vitrified in 80“. | 
21. Bone calcined in 4”, and was vitrified in 33”. 
22. A Diamond weighing 4 Grains loſt T of its 
Weight. | 
9. The Power of Burning, in Yillette's Mirrour, may 
be computed, and compared with the Heat of Wood- 
Fire, as follows: Since the focal Diſtance RX is 38 
Inches, and the Angle under which the Sun's Image in 
the Focus appears at R, is equal always to 32“ of a De- 
gree ; therefore if we ſay, 
As e — = — 90 o&' = 10,000000 
Is to the Tangent o | 
p 1 N i HRX = o 16' = 7,667849- 
So is the focal Diſtance RX = 38 = 1,585461 
To the Semidiameter OT, "A 
l the far per f HX = 179 = 9.253310 
Whence 2 HX = 0,358 of an Inch, the Diameter of 
the ſolar Focus ; but the Diameter of the Mirrour was 
47 Inches: Now 47 * 47 = 2209, and 0,358 x,358 
= 0,128, Cc. wherefore 2209 is to 0,128, as the Den- 
firy of the Rays in the Focus to their common Denſity ; 
but 70, 128) 2209 ( = 17257; which ſhews that the 
Mirrour condenſed the Rays Seventeen Thouſand Two 


Hundred and Fiſty-ſeven times, | 
10. Since 


Of Lionr and Cotouts, 
we can ſee nothing of the internal Subſtance 
of ſuch a Body, which therefore is faid to be 
opake. | 


Bor 


10. Since Rays but 35 times denſer than in their na- 
tural State with us, have a Power of Burning equal to 
Wood-Fire, if we divide 17257 by 35, the Quotient 
will be 493; therefore ſuch a Mirrour will burn with 
an Intenſity of Heat 493 times greater} than common 
Fire. No wonder then that Bodies which remain un- 


alter'd by the Force of our greateſt common Fires (as 


that of a Glaſs-Houſe, where Gold has been found to 
lie ſeveral Days in Fuſion, without voy ſenlible Loſs of 
Weight) ſhould immediately become fuſed, fume away 
in Part, Part be diffipated and driven away in large Par- 
ticles, and Part remain in the Form of a Caput Mor- 
tuum; all which Phænomena have been obſerved of 
Gold in the Focus of a large Burning-Glaſs. And 
how rudely ſuch a Glaſs . treat the Principles of 
the Chymiſts, and what Confuſion it would induce in 
their Arithmetic of Elements, they will be better cer- 
tified of, when they ſhall attempt to analyſe Nature, and 
reduce Subſtances to their original Principles, by more 
vr and effectual Means than Laboratories at preſent 
afford. 

11. Notwithſtanding the prodigious Denſity of the 
Rays in the Focus of thoſe large Burning-Glaſles, yet 
it has been always obſerved, that the Rays reflected to 
us by the Moon when at Full, and concentered in the 
Focus of thoſe Glaſſes, produce no Heat that is ſenſible 
in the leaſt Degree, as is demonſtrated by holding a 
Thermometer in the Focus of lunar Rays, which al- 
ways remains without the leaſt Appearance of Motion. 


The Reaſon of this will appear by the following Calcu- 


lation. 

12. Let ABD be the Earth, C its Center, M O 
the Moon, N the Center, Ne the Semidiameter of the 
Moon, which is equal to 1087,5 Engliſb Miles; the 
Semidiameter of the Earth D C = 4000 Miles; the 
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Bur when Rays of Light fall on tranſ< 
parent Bodies, Part is reflected at the firſt 
| Surface, 


Diſtances of the Centers of the Earth and Moon NC 
Plate S 249900 Miles. Then fince the Rays of the Sun's 
XXXV. Light at the Moon are of the ſame Denſity as with us 
Fio. 6 (as being parallel); and fince the lunar Rays are only 
8.0. the ſolar Rays reflected to us by the convex Surface of 
the Moon; and laſtly, ſince parallel Rays are reflected 
by a ſpherical convex Surface, in ſuch a Manner as to 
go after Reflection diverging from a Point which is 4 the 
Semidiameter of the Sphere diftant from the Vertex (as 
will be ſhewn hereafter) ; therefore ſuppoſing the Sur- 
face of the Moon to be perfectly ſpherical and poliſhed, 
we may compute the Denſity of the ſolar Rays reflected 
from the Moon to the Earth as follows. | 
13. Let à b, cd, be two parallel ſolar Rays falling 
on the Surface of the Full Moon, thefe Rays wilh be 
reflected to the Earth in the Directions b g and d di- 
verging from a Point F in the Radius Ne, half way 
between N and e. Now the Denſity of the Rays falling 
on the Moon will be to thoſe reflected at the Earth's Sur- 
_ as the Square of g h to the Square of bd, or as the 
quare of f D to the Square of fe; but fe = 544 
Miles, 10475 (NC 5 CD IN = | 
4544 =) 235456 ; and the Square of 235450 is to the 
Square of 544, as 187400 to 1 nearly; conſequently the 
Denſity of the lunar Rays is to that of the ſolar Rays at 
the Earth's Surface as 1 to 187400 nearly; therefore 
a Burning-Glaſs muſt condenſe the lunar Rays 187400 
times to make them have the Heat of the common 
Sun-Beams. But this is 10 times more than Villette's 
Mirrour can effect. | 
14. Now this is all upon Suppoſition that the Moon 
is a Sphere, and its Surface a perfect Poliſh, whereas 
neither of theſe Things have Place in Nature; for the 
Moon is not a Sphere but a Spheroid, and her Surface 
very unequal or uneven, on both which Accounts the 
Reflection of Light muſt be many times weaker than we 
bave ſuppoſed it ; and ee Mr. Bouguer, by Ex- 


periments, 
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Surface, and Part is tranſmitted into the 
Body, which is refracted in Right Lines to 
the ſecond or lower Surface, where it is 
again partly reflected and in part refracted 
into the Air, and coming to the Eye, renders 
the internal Parts of theſe Bodies viſible, 
which for that reaſon are ſaid to be diapha- 
nous or tranſparent. (CXV.) E 


periments, has found that it is about 17 times leſs, or 
that the Denſity of the lunar Rays is to that of the ſolar 
as 3000000 to 1; wherefore a Burning-Glaſs muſt 
condenſe the Rays of the Moon near 3000000, i. e. three 
Millions of Times, to make them warm enough to raiſe 
the Liquor of the common Thermometer ; which is an. 
Effect almoſt 200 times greater than Yillette's Mirrour 
can produce, , | 
| (Exv. 1. The Opacity and Tranſparency of Bo- plate 
dies in general is thus occaſioned: Let A B be the Sur- xXXXVI. 
face of an opake Body A B C D, a Ray of Light G H Fig, x. 
falling thereon in the Point H will in part be reflected 
into the Ray H I, and by this reflected Ray the Point H 
becomes viſible to the Eye at I; and thus all the Points, 
and conſequently the whole Surface, is made viſible by 
that Part of the Light which it reflects. | 
2. But the other Part of the Ray entering into the 
Body, being irregularly refracted and reflected through 
its internal Subſtance of Particles and Pores, becomes 
divided, diſſipated, abſorbed, and loſt therein; and there- 
fore as none of the Rays can come from the internal 
Parts to the Eye, ſo none of thoſe Parts can be viſible, 
and the Body is in that Caſe ſaid to be opake. . 
23. In order to this we muſt conſider, that though the 
whole Body be opake, yet the Particles of ſuch a Body 
are not ſingly opake, but freely tranſmit] the Light with- 
out reflecting any Part between the Surfaces, and are 
therefore in themſelves tranſparent; and were thoſe 
| WES: Particles 
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. Plate WEN a Ray of Light H C falls on any 
XXIV. plane, convex, or concave Surface, as A B, 


| DE. 


Particles contiguous to each other, the Li * would paſs 
from one to another (and fo through the Whole) with- 
out Reflection, as we find by Experiment it will paſs 
through ſeveral contiguous Pieces of poliſhed Glaſs, and 
thus produce T ranſparency. | | 

4. But if the Particles do not touch in ſuch manner 
as to leave the Interſtices or Pores exceeding ſmall, 
there will be a Reflection of Light at every Pore from 
the Air which it there meets with, as being a Medium 
of different Denſity. For it is known by Experiment, 
that though a Ray of Light.will paſs from one Piece of 

Glaſs to another, that is contiguous without Reflection, 
yet will it not paſs from the Glaſs through the con- 
tiguous Air without being in part reflected; confe- 

_ quently where the Pores are large and very numerous, 
there the Reflection of the Light will be ſo great upon 
the whole, as to cauſe a total Diſſipation and Loſs of 

the 3 that enter d the Body, and fo render it 
opake. > | | 

8. This is confirmed by taking ten Pieces of clear 

Glaſs, and laying them one upon another over a Leaf 
of Print, quite dry, and having only Air between them; 
then taking ten other Pieces of the ſame Glaſs, and 

utting them into Water, ſo that it may fill all their 
terſtices, and then laying them on the ſame printed 

Paper by the other, a Perſon looking through each will 
ſee the Print or reading much more diſtinct, clear, and 
bright, through the latter Pieces than through the for- 
mer; the Rays being more regularly tranſmitted through 
them where the Denſity of the Parts is not ſo unequal, 
and alſo with much leſs Reflection than through the 
other, where the Light undergoes a conſiderable Re- 

flection at every Interſtice or Plate of Air between the 

Glaſſes. 1 

6. Tis hence alſo that tranſparent Bodies are ren- 

dered opake by ſeparating their Parts and rendering them 
more porous. Thus Beer before it is raiſed into Froth 
18 
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DE, FG, in the Point C, the Angle HCK, 
made by the incident Ray HC and the 


Perpen- 


is tranſparent, but the Froth, by reaſon of its Pores, 
becomes opake. Thus dry Paper is more opake than that 
which js wetted with Water or Oil, becauſe more po- 
rous. Thus the Oculus Mundi Stone is more opake 
when dry than when ſteeped in Water; and Glaſs re- 
duced to Powder is no longer tranſparent, | 
7. Hence it follows, that the Parts of Bodies and their 

Pores muſt not be leſs than a certain definite Bigneſs to 
render them opake, For the opakeſt Bodies, if their 
Parts be ſubtilly divided, become- perfectly tranſparent, 
Thus Copper diſſolved in Aquafortis has all its Par- 
ticles pellucid, and the whole Solution is tranſparent. 
Thus a Bubble blown of Soap-Water may become ſo 
thin on the Lop as to reflect no Light, but will tranſ- 
mit the Whole. Thus Water, Salts, Glaſs, Stones, Oc. 
though they are as porous as other Bodies, yet their 
Parts and Interſtices are too ſmall to cauſe Reflections in 
their common Surfaces. 
8. Therefore in all tranſparent Bodies, as B EF C, aq, , 
Ray of Light, as K L, falling on its Surface in the XR VI 
Point L, will there be in part reflected (as before) into Fig; 2. © 
the Ray LM; the other Part will go regularly on in a * 
rectilineal Direction from the upper to the loweſt Sur- 
face at N, where meeting with the Air (a Medium of a 
different Denſity) it will de in part reflected again into 
the Ray NO; the other Part goes out to the Eye at P. 
by which Means all the internal Parts from whence that 
Ray comes will be rendered viſible to the Eye; and 
ſince this may be conceived of every Point in the Body, 
it is eaſy to underſtand how the Whole becomes tranſ- 

arent. 
F 9. I have often found Gentlemen reflect with great 
Surprize on the exceeding great Poroſity of Bodies ne- 
ceſſarily required for the Tranſniffion of Light, and 
yet at the ſame time on the Hardneſs and Firmneſs of 
the Parts of ſuch Bodies, as Glaſs, for Inſtance, and 
others. But Sir /ſaac Newton has put us into a Method 


U3 by 
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Per pendicular K 2 is always equal to the 
Angle K CI, made by the ſaid Perpendi- 


cular 


by which we may conceive this with as much Eaſe ag 
it produces Surprize; and it is this: Suppoſe a Body 
be compoſed of ſuch Particles, and of ſuch a Figure, 
that when laid together, the Pores or Interſtices may be 
equal to the Particles themſelves; how this may be 
done, and the Body hard and firm, is not difficult to 
conceive; ſuch a Body then will be half ſolid and half 
porous. 

10. Now if each of theſe conſtituent Particles, in- 
ſtead of being ſolid, ſhould be ſuppoſed to conliſt of 
other Particles equal in Bulk to their Pores between 
them, then would the ſolid Part of the whole Body be 


but half of what it was before ſuppoſed to be, that is, 


it will be but 4 Part of the whole Bulk. In like man- 
ner if theſe Parts are ſuppoſed not ſolid, but to conſiſt 
of other Parts with equal Pores between them, *tis then 
manifeſt the ſolid Matter will be but 4 of the whole 
Bulk of the Body. And thus by continuing this Subdi- - 
viſion of the Parts, you diminiſh. the Quantity of the 
ſolid Parts, and increaſe that of the Pores, till it ſhall 


de in any Proportion greater than that of the ſolid Mat- 


ter, and yet the Parts, and conſequently the whole 
Body, ſhall be every where compact and hard. 

- 11. Hence it follows that the leaſt aſſignable Particle 
of Matter may be conceived to be ſo minutely divided, 
that it ſhall be diffuſed through any affignable Space, 
how great ſoever, in ſuch a manner, as to be in Contact, 
and to conſtitute a hard and compact Body, whoſe Pores 
ſhall be leſs in Diameter than any aſſignable Length; 
or, in other Words inverſely, the ſolld Matter in the 
Globe of our Earth, yea of all Bodies in the Univerſe, 
may be no more than what may be reduced within the 
Compaſs of a cubic Inch, or be contained in a Lady's 


\ Thimble. They who would ſee a Mathematical Dex 


monſtration of this, may conſult Dr Keill's Introduction 
to Natural Philoſophy, 


: 12. Hence 


* 
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cular and the reflected Ray CI: Or the 
Angle of the Incidence is equal to the Angle 
of Reflection in every Inclination of the 
Ray of Light. This is evidently ſhewn by 


Experiment; and it is very well worth our 
Obſervation, that in this Caſe only, the ſaid 


Ray takes the ſhorteſt. Way falſible from 
any Point H, to any other Point I, if it 
muſt, in its Paflage, touch any of thoſe Sur- 
faces. (CX VI.) | 


TE 


12. Hence we ſee the Poſſibility of Bodies being ſo 

exceeding porous, as to be rare enough to tranſmit 

Light with all that Freedom pellucid Bodies are found to 

do; though what their real Structure or inward Frame 
may be, is yet unknown to us. | 
| (CXVI.) 1: The Demonſtration of this is as fol- Plate 
| lows: Let A © be the incident Ray, and C B the re- XXXVI, 
flected one; from A and B let fall the Perpendiculars Fig. 3+ 
AE, BD, and let AE a, BD =b, ED S c, and 
EC=x; then CD =c—x,and AC = I aa+xx, 


and alſo CB =4\/ bb +cc—2cx+ xx, Then 
ſince AC + CB is to be a Minimum, wo | muſt 


bl 
1 
| 
5 
| 
1 
Y 
1 
q 
= 
1 
Ihe, 
i#f 
H 


w 1 make the Fluxion of its Expreſſion V aa + x * + 
b a bb + cc—2Cx + xx equal to nothing, viz, 
3 1 Xx—c Xx 1 
— — 0 
s a aa +xx 4/ bb+cc—2cx +xx n 
3 dividing by 2 and multiplying croſs-wiſe, we have x x 
0 \/ bb+cc—263 + xx + x—©X / aa+xx, conſe- 
e, | quently x Xx a/ bb+cc—2cx+FXZe—8 A aa xx. 
E that is, ECxCB= CD x AC; and ſo we have 
75 EC: AC:: CD: CB. Conſequently (by Euclid, 6 
3 and 7.) the Triangles AEC and BDC are equiangular, . 
IN and <br the Angle of Incidence ACE = BCD the” 
Angle of Reflection. 


0 94 2. Since 
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Tun Rays of Light reflected from the 
firſt Surface of a Glaſs are in a much leſs 
Quantity than thoſe reflected from the ſe- 
cond Surface, as is evident from hence, that 
the Image formed in the firſt Caſe is leſs 
bright and ſplendid than that of the latter; 
and if the ſecond Surface be contiguous to 
any tranſparent Medium, as Air, Water, Gc. 
the Rays will be reflected from thence in 
greater Plenty, as the Medium is more rare; 
whence the Image by Reflection from the 


ſecond Surface is brighter when that Surface 


is contiguous to Air, than when it touches 
Water ; and moſt bright when it is contigu- 

ous to a Vacuum. | 
Ir the ſecond Surface of Glaſs be cover'd 
with an opake Body impervious to the Rays 
of Light, they will then be reflected in 
much greater Abundance from the ſecond 
than from the firſt Surface, and the Image 
will be proportionally more bright than that 
formed by Reflection from the firſt Sur- 
| face ; 


2. Since the concave Plane FC G, and convex Plane 
D CE, do both touch the Plane A B in the ſame ſingle 
Point C on which the Ray of Light is ſuppoſed to fa ; 
the ſame Law of Reflection muſt hold with reſpe& to 
all the Planes equally ; becauſe the Situation of any 
'other Particles have nothing to do in the Cauſe of Rey 
flection of Light, but that on which the Ray immedi. 
dtely jimpinges, 
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face; which is the Caſe of all Glaſſes foli- 
ated or quickſilver d. Whence it rs, 
that the Light reflected from the firſt Sur- 
face bears a very ſmall Proportion to that 
which is tranſmitted into the Subſtance of 
the Glaſs, 

WHEN a Ray of Light, a as HC, paſſes Plate 
out of Air into a denſer Medium, as ABFO, N | 
jt will be ſtrongly attracted by the Particles 
of the Surface of the Medium AB a little © 
way on each Side ; the Conſequence where- 
of is, that its Motion will be accelerated at 
the Entrance of the Medium, and its Di- 
rection ſomewhat altered; for fince the At- 
traction of the Medium is perpendicular to 
its Surface, it will deflect or bend the Ray 

out of its firſt Direction HF, into a new one 
CE (through the Medium) which lies nearer 
to the Perpendicular K D, drawn through 
the Point of Incidence C: And this is called 
the REFRACTION of a Ray of Light; HCK 
3s the Angle of Incidence, and DCE the 
Angle of Refraction. 

Ir on the Point C be deſcribed a Circle 
DHKG, and from the Points H and G 


(where the Circle cuts the incident refracted 
Ray) be drawn the Lines HL, GI, at Right 
Angles to the Perpendicular KD, they will 
be the Sines of the Angtes of bxcidence and 
Refraction. 
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Refrafion. | And it is ſeveral ways demon- 


ſtrable, that in every Inclination of the 
Ray of Light HC to the Surface of the 
Medium A B, thoſe two Sines HL and GI 
will always have one certain or conſtant 
Ratio or Proportion to each other: And 
that HL :GI :: 4 : 3, if the Refraction 
be out of Air into Water ; but HL : GI: : 
17: 11, or 3: 2 nearly, if out of Air into 


Glaſs; and in general, the denſer the Me- 


dum, the greater its refractive Power, or 


Defproptetion of the Sines ; all which Par- 
ticulars are render'd very evident by Expe- 
riments. 

Ir a Ray of Light, as E C, paſs out of 


2 5 Medium into a rarer, as Mater 
or Glaſs 1 into Air, it will, upon entering the 


rarer Medium at C, be refracted from its 
firſt Direction E N into a new one C I, 
which will be farther off from the Perpen- 


dicular K CD; and in this Caſe, I G will 
be the Sine of the Angle of Incidence, and 


H L that of the I of Refraction; and 
all other Particulars juſt the reverſe of 


what they were before under the ſame 


Names. 
HENCE it follows, that if any Object be 


placed at E, and covered with Water to 
the Height , it will be ſeen by an Eye 


placed 


5 * 
1 J 
a. D 
s * > 


placed any where above the Surface A B, 


wiſe poſſible; and thus Objects which are 


the Horizontal Sun and Mon, and their 


by NE, it will not appear ſtrait, but crooked; 


dium appear raiſed or elevated above their 
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in a Situation lower than would be other. - 


inviſible may be render'd viſible by the In- 
terpoſition of a denſer Medium, as is well 
known by a common Experiment. On this 
account it is that we ſee the Sun and other 
Luminaries, while they are yet below the 
Horizon, in a Morning before they riſe, 
and in the Evening after they are ſet, by 
the Refraction of the Atmoſphere. Hence 
alſo the Difference in the Diameters of 


Elliptic Figure, by the greater Refrac- | 
tion of the Rays coming from the lower 
Limb. 

Ae Alx; it follows, chat if an Object 
be viewed which is Part in one Medium 
and Part in another, as a Staff repreſented 


for if the Eye be in the rarer Medium, the 
Part of the Staff in the denſer, C E, will 
be refracted into the Line C F, and the 
whole Staff will —_— in the crooked Form 
EF: 

HRNCE alſo all Obj ects in a denſer Me- 


real Situations: Thus the Part of the Staff 
CE is raiſed into the Situation C F; 1 
ä 4 
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the Bottom of all Veſſels, if covered with 
Water, appear raiſed, or higher by a fourth 
Part of the Depth of the Water, than what 
they really are. (CX VII.) 

THE 


'(CXVI1I.) 1. If Bodies, on which Light falls, were 


ſuppoſed to affect it no other ways than by giving Ad- 


miſſion to the Rays, or permitting them to paſs through 
their Subſtance, they would then perſevere in the fame 


Right Line after their Immerſion, as before; and of 


courſe there could be no ſuch thing as the Refraction 
above defined. But Bodies are not paſſive to the Rays 
of Light, but act upon them with a real and determi- 
nate Force, as is evidently proved by Experiments. 
Thus if a very ſmall round Hole be made in a thin 
Piece of Metal, and the Light of the Sun tranſmitted 
through it into a dark Room; if the Metal acted not 
on the Ray paſſing through the Hole, the Spot of Light 
would always be of the fame Size with the Hole at all 


' Diſtances from it; but becauſe we always obſerve the 


luminous Spot is larger than the Hole, and the more fo 
as it is farther diſtant, this is a plain Proof that the Par- 
ticles of the Metal in the Periphery of the Hole act with 
an attracting Force on the Rays of Light, and inflect 
them in ſuch a Manner as to cauſe them to proceed di- 
verging from each other, 
2. In like Manner, if the Rays of Light are made to 
pals between the parallel Edges of two Knives placed 
at the Diſtance of n of an Inch, we ſhall obſerve on 
each Side the tranſmitted Beam a Glare of Light like 
that of the Tail of a Comet, if the Beam be received 
on a Sheet of Paper, at the Diſtance of about 4 or 
Foot from the Knives. And if the Knives are plac 


with their Edges about rb of an Inch apart, inftead of | 


the Light above-mentioned, you'l] obſerve on each Side 
the Beam of Light, three Fringes of colour'd Light 
parallel to the Edges of the Knives, which are more 
diſtin as the Hole of the Window or Beam of Light 


is leſs. | 
2. If 


„ Ps wm, Ld pw ©* wa ws Wdttwed 
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Tux Sun's Rays, as I have ſaid, are not 
homogeneous, but of different Kinds; and 


each 


3. If the Edges of the Knives be brought within 
75s of an Inch, no Light will appear on the Paper be- 
tween the ſaid Fringes, ſo that all the Light which 
paſſes between the Edges is inflected on either Side; 
Which Pan ſhews that Steel acts at the Diſtance of 
zor Part of an Inch upon the Rays of Light, by an 

ch upor ys of Light, by 
attractive Force which is increaſed as the Diſtance of 
tae Knives is diminiſhed. 4 

4. On the other Hand, the Shadows of all Bodies 
placed in the Beam -of Light in the dark Room are 
larger than they ought to be, were the Rays of Light 
to paſs by them unaffected by any Power from them; 
tor then the Shadow would be at all Diftances of one 
and the ſame Bigneſs, v:z. equal to that of the Body ; 
but ſince we obſerve the Shadow always larger than the 
Body, it follows, that the Rays muſt proceed diverging 
from the Surface of the Body, which they could not do 
but by virtue of a repellent Power, which cauſes them 
to ſeparate to a greater Diſtance after they have paſs'd 
by the Surface of the Body, "Thus the Shadow of a Hair 
_ been obſerved 35 times bigger than the Hair it- 
elf, 

5. This attracting and repelling Power in the Par- 
ticles of Bodies, by which they inflect the Rays of 
Light, is the Cauſe of all Reflection and Refraction 
of Light, of which we ſhall now treat more particu- 
larly. Let there be two Mediums (ſuppoſe of Air and 
Vater) and a Ray of Light H G in the rarer Medium 
(Air) tend towards a Point K in the Surface of the den- 
ſer Medium (Vater) A B; the attracting Power of the 
Particles in the Surface ef the denſer Medium extends 
to a certain ſmall Diſtance, as to the Line EF; as 
ſoon then as the Ray is arrived at the Line E F, it gets 
into the Attraction of the Medium, which acts perpen- 


Plate 


XXXVI- 


Fig. 4. 


dicular to the Surface. af 


6. The Particle of Light in the Point G, begins to 
be ated upon by two Forces; one derived from its =_ 
tu 
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each Sort has a different Degree of Refran- 


gibility, that is, in paſſing through a denſe 
Medium, 


tural Velocity in the DireQion G K, the other derived 
from the attradting Medium in the Direction G I ; let 
then the Parallelogram G K M I be compleated, and 
*tis manifeſt (from what we have ſhewn already) that 
the Ray will move in the Diagonal of this Parallelo- 

ram, viz. in the Direction G N, and impinge on the 
7. Now ſince the Ray of * after it comes to G, 
is influenced by the attracting Virtue of a Number of 
Particles continually increaſing till it comes to L, the 
Force therefore by which it is urged in the Direction 
G 1, is a Force uniformly increafing, like that of Gra- 
vity; its Motion therefore will be conſtantly accele- 
rated, and its Direction G L not a Right Line, but a 
Curve. But ſince the Diſtance G I is indefinitely ſmall, 
the Curvature of its Path for ſo ſhort a Space is not 
ſenſible, and may therefore be repreſented by a Right 
Line. 

8. LetN O be drawn parailel to the Surface A B, at 
the ſame Depth below as E F is above it; and then it 
is evident that ſince the Particle of Light is attracted 
every way equally within the Diſtance of I G all round, 
the Attraction will be greater towards the Line N O as 
it approaches nearer- to it ; conſequently its Motion 
will {t:]| be accelerated from L to the ſaid Line, and 
will alſo be a Curve ; therefore the Particle will not go 
on to M in the Diagonal G M, but will go to a Point 
P in the Curve L P, nearer to the perpendicular Line 
L Q. | | 
wg After it is arrived to the Line N O in the Point 
P, the Attraction will be on all Sides equal, its Motion 
or Velocity uniform, and its Direction a Right Line, 
till it comes within the ſame Diſtance G of the under 
Surface of the Medium C D, where its Path will again 
begin to be incurvated into R S, and every thing will 
be the Reverſe of what we have now obſerved at its Im- 

merſion, 
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Medium, they are differently diſpoſed to 
be refracted, being bent or turned out of 
their 


merſion, that is, R S will be ſimilar to G L, and S V pa- 


rallel to H G, or the Angle HGX =VSY. 


10. The denſer ay Medium is, the greater will be the 
Number of attracting Particles in a given Space, and 
ſo the greater will be the Force GI, or the refractive 
Power of the Medium. Thus Water is. leſs denſe, and 
therefore has a leſs refractive Power than Glaſs, and Glaſs 
leſs than Diamond. But Oils, though leſs denſe than 
Water, have yet a greater refractive Power, as contain- 
ing a greater Proportion of Sulphur than other Bodies; 
for ſince Action and Re- action are mutual and equal 
between all Bodies, and fince we fee that Rays of Light 
congregated by a Burning-Glaſs act moſt upon ſulphu- 
reous Bodies in turning them into Fire and Flame, fo, on 
the contrary, Sulphurs, Oils, Spirits, &c. ought to act 
moſt upon Light, as we conſtantly find they do; and Sir 
Jſaac Newton thought it reaſonable to attribute the refrac- 
uve Power of Bodies chiefly, if not wholly, to the ſul- 


phureous Parts with which they abound, 
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11. Since the many, ight in different Medi- Plate 


ums is different, let its 


elocity in the rarer Medium XXXIV. 


from H to C be to that in the denſer Medium from C Fig. 8. 


to E, as m ton; and ſince the Spaces deſcribed. are as 
the Rectangles under the Times and Velocities, the 
Times will be as the Spaces directly, and the Velocities 
inverſely; whence the Time of deſeribing the Line 
H C will be to the Time of deſcribing the Line CG, 
as n Xx HC tom x CG. Let CIS , CL =, HL 
11G Se, and IG=x; then will HL =- , 


and conſequently C G = aa + xx, and HC = 


x bb +cc—2cx+xx; whence the Time in which 
HC+CG is moved through is m\/ aa + xx + 7 


bb + cc — 2cx + x. ak 

12. Now admitting that Nature does every thing in 
the ſhorteſt May, we have the foregoing Expreſſion of 
the Time a Minimum, and fo its Fluxjon equal er 
thing, 
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their firſt Courſe to different Diſtances from 
the Perpendicular : And theſe ſeveral Sorts 


of 
2 nA -n, 
- —— OF 
thing, _ Ga+ xXx TA\/bb+cc—2xc+xx—95 
Mx N XS — 
whence we have — that 


5 A I bb + cc2cx TX 
. mx[l n * ; 

IS, Je — 2 Hence, making HC=C G, 
we havemxIG=n x HL; and conſequently, m : 1 
2: HL: IG. 4 

13. But the Ratio of n to u, that is, of the Velocity 
before and during the Refraction, is conſtant, or always 
the ſame in the ſame Media; therefore the Lines HL 
and I G are in a given or conſtant Ratio. Hence we 
have this fundamental Law of Refraction, That the Sine 

the Angle of Incidence is always in a conſtant Ratio to 
the Sine of the Angle of Refrattion, in all Inclinations of 
the incident Ray whatſoever. 

14. Since the Proportion of theſe Sines is conſtant, 
it remains that we determine what that Ratio is in dif- 
ferent Media; and for that Purpoſe there are various 
Methods, one of the beſt of which I ſhall here deſcribe, 
but muſt firſt premiſe the following Lemma. Let GHD 

be an equilateral Triangle, and let the Angle D be bi- 
ſeed by the e Line DO; let AK MC be drawn 
parallel to the Side G H, and through the Point K 
draw I KN cutting OD in N; then is the Angle AKI 
== N-K. B, as being vertical to each other. Alſo the 
Triangle NK D is divided into two ſimilar and equian- 
gular Triangles N K B and B K D, by the Perpendicu- 
lar K B; and therefore the Angle N K B is equal to the 
Angle K DB. All which is evident from Euclid's Ele- 
ments. . . 

15. Suppoſe now that G HD be the Section of a 
Priſm of Water or Glaſs, or any pellucid Medium, and 
K M a Ray of Light paſſing through it parallel to the 
Side G H; and let it go out of the Priſm and be re- 
fracted into the Air on each Side into the Directions K 
an 


Of Licur and Colouns. 
of Rays have each a peculiar Colour; vis. 
thoſe which are leaſt refrangible are Red; 


and ME; upon the Point K deſcribe the Semieircle 
PIQ; theninNKB(=KDB) AKI, the Angle 
of Incidence out of the trifm into Air, and F KI is the 
Angle of Refraction; conſequently, AR and FS are 
the Sines of the Angles of Incidence and Refraction out 
of the Priſm into Air, 1 

16. On the contrary, we may conſider F K as the 
incident Ray falling upon the Priſm in the Point K, and % 
refracted in the Direction K M parallel to the Side & H, 
which at the Point M emerges again into the Air in the 
Direction ME, making the Angle EML with the 
Perpendicular ML, equal to the Angle F K I. In this 
Caſe the Angle F K is the Angle of Incidence, and 
NK Bis the Angle of Refraction in the Priſm ; which 
Angle of RefraCtion is therefore given, or conſtant, as 
it is always equal to the Angle KD B, or half the 
Angle of the Priſm, | 

17. The Angle of Incidence F K I conſiſts of two Plate 
Parts, viz. of the given Angle AKI (=K DB) and XXXVI. 
the additional Angle AK F. Now the Angle AK I Fig. 6. 
is known, as being equal to half the Angle of the 
Priſm ; and the Angle F K A is known by placing the 
Priſm by the Center of a graduated Semicircle, as ABC, 
carrying an Index, whoſe two Arms F K and K E are 
equally elevated above the horizontal Line A C, and 
correſpond to the incident and emergent Ray FK and < 
ME in the other Figure. For here 'tis evident, if an 
Object be placed on the End of the Arm F, it will be 
ſeen by an Eye looking through the Sights at the other 
End of the Index E; and when the Object is thus ſeen, 
the Angle AK F is known by the Number of De- 
grees which each Arm cuts upon the Limb of the Semi- 
Circle, 2 ; ' 

18. This Number of Degrees, added to the conſtant 
Number 30%, which is equal to half the Angle of the 
Priſm, gives the whole 2 of Incidence F K1 and 
thus the Angles of Inci oe and Refraction bein 


; foun 
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the ſecond Sort, Orange ; the third Sort, 
Yellow ; the fourth Sort, Green; the fifth 
EN . Sort, 


found, the Proportion of the Sines F S and AR will be 
diſcovered, which Ratio is always the fame while the 
Matter of the Priſm remains the fame, as was before 
ſhewn from the Theory, and may by this Inſtrument be 
proved by Experiment. For Example, let the Priſm be 


of Water, it will be neceſſary to elevate each Arm 12 


9 75 upon the Limb, before the Image of the Object 
at F can be ſeen by the Eye at E; then 12 + 30 = 42? 
= F KAT AK ISF E I, the Angle of Incidence. 


But the Sine F S of 42 is to the Sine AR of 30? as 4 to 


3 very nearly. 
19. Now it is plain, if the Ratio of the Sines AR 


and FS were not fixed, ſince FS might be in any Ratio 
greater or leſſer than A R, the incident Ray FK may 
make an Angle F K II greater or leſs than 42*, and yet 
the Object at F be ſeen by the Eye at E; but this we 


find „ Topo. to be impoſſible, becauſe there is no 


other Elevation of the Arms of the Index that will ex- 
hibit the Appearance of the Object, but the one above- 
mentioned. | 5... 

20. If GHD were a Priſm of Glaſs, as that is a 
denſer Body than Water, ſo its refractive Power will be 
greater, and conſequently it will act more ſtrongly upon 
the Ray K M at its Exit into the. Air, and cauſe it to be 
refracted farther from the Perpendicular IK or ML. 
Therefore the Angle of Incidence out of Air into Glaſs, 
viz. the Angle F K I, ought to be greater, and ſo to re- 
quire a greater Elevation 'of the Legs of the Index than 
before in the Priſm of Water : And this we find by Ex- 
periment is the Caſe ; for then the Elevation, inſtead of 
12*, muſt be about 22% or 237. 

21. Hence tis plain, the Sine of Incidence FS muſt 
be in a conſtant Ratio to the Sine of Refraction A R; 
becauſe, ſince the Angle AKL is invariable (being 
* equal to G D O), and in the ſame Medium G 5 
H, the Angle FK I muſt always be the ſame, becauſe 
the refrative Power is every Where ſo; therefore, the 
13 Angle 
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Sort, Blue ; the ſixth Sort, Indigo; and the 
ſeventh Sort, Violet, which are moſt refran- 


gible, or refracted to the greateſt Diſtance 
from the Perpendicular. * 


To illuſtrate this Matter, let G F repre- 


ſent a Parcel of the ſolar Rays entering 


through the Hole H of a Window - Shutter 


into a darken'd Room; and there let 
them fall on the Priſm ABC, in the Point 
F: In paſſing through the Priſm they will 
be ſeverally refracted in a different Degree, 
and thus ſeparated from each other, ſo that 
at their Exit on the other Side at E, 

" they 


27 
5 . 
L 


Angles being conſtant, the Sines will be ſo too, or their 
Ratio to each other always the ſame. f ; 
22. As by this Inſtrument the Angles of Incidence 
and Refraction are diſcovered, the Ratio of their Sines 
will be known of courſe, for each reſpective Medium. 
Thus in Vater the Sine of 42“ is to the Sine of 30? 
as 4 to 3 very nearly; and in Glaſs the Sine of 46® is 
to the Sine of 30 as 3 to 2, or more nearly as 17 to 11. 
By ſome Experiments it has been found, that the Sine 
4 Incidence is to the Sine of Refraction in Diamond as 
to 2. 
l 23. But ſince in Phyſical Matters we have no Autho- 
rity comparable to Sir {age Newton, I ſhall here give a 
Table (from his Optics) of the Proportion of the Sines of 
Incidence and Refraction of Yellow Light (that being 
nearly a Mean between the greateſt and leaſt refrangible 
Rays, as we ſhall ſee farther on). This will be contained 


in the firſt Column; the fecond expreſſes the Denfities 


of the Bodies eſtimated by their Specific Gravities; and 
the third, the refractive Power of each Body in xeſpeR of 


«4g * 


* 
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they will proceed at different Diſtances | 
from the Perpendicular 'E P to the other 


. Side 
27x ; Proportion of | The- Ref. 
24% The Refrafling Beh. , ge, pee pode, 
1 — 0 — [3201 to 3200005012 5208 

Glaſs of Antimony 17 to 95, 2800 4864 
A Pſeudo-Topaz 23 to 144, 2700 3979 


JA Selenites — [61 to 41/2, 2520 5386 
Common Glaſs — | 31 to 2002, 580 | 5436 
Cryſtal of the Rock | 25 to 162, 650 | 5450 

Iſland Cryſtal —— 5 to 32,7200 6536 


dal Gmme — | 17 to 112, 1430 6477 |. 
Alum — — | 35 to 241117140 6570 
Borax — | 22 to 15{1,7140 | 6716 
Nitre —— — 30 t-to 21/1,9000 f.7079 | 
Dantizick Vitriol 303 to 200171507551 

1] of Vitriol 12 to 71, 0 6124 


Rain-Water —— | 529 to 3961. 0000 7854 
um Arabic —— | 31to 21,3750 8574 
Spirit of Wine rectified 100 to 73/0,8060 10121 
amphire — 3 to 40, 9960 [12551 


il Olive ——— 22 to 15/0,9130 2607 
Lintſeed Oil 40 to 270, 9320 1289 
Spirit of Turpentine | 25 to 17, 874013222 


Amber ———— | 14to 91,0400 13654 
A Diamond — | 100 to 


f 25. The Refraction of the Air in this Table is de- 
termined by that of the Atmoſphere obſerved by Aſtro- 


nomers ; for if Light paſs through many refracting Sub- 
ſtances, or Mediums, gradually denſer and denſer, and 


terminated with parallel Surfaces, the Sum of all the 


Refractions will be equal to the ſingle Refraction it 
would have ſuffered in paſting immediately out of the 
firſt Medium into the laſt ; becauſe the immergent Ray 
will be parallel to the incident one in every Medium 
ſingly (by. Art. q.) if they were ſeparated; and their 
eing gontiguous can e no Alteration. Hence, if 


XXXVI. A A be the Medium of Air interceding two different 
Fig. 7+ Media, as BB of Water, and C C of Glaſs; then the 


emergent Ray e i out of the Water is parallel to the in- 
| cident 


, 


eir 


in- 
ent 
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Side of the Room, where they will make a 


long and Lend: Image of the 


Sun f 


us Ray ac, and the emergent Ray J out of Glaſs 


parallel to the incident Ray ei; whence 'tis plain, the 
Refradion of the Ray 71 is the fame as if the two Media. 
BB and C C were contiguous, the Ray ei in that Caſe 
bein 0s loſt, which makes no Difference, | 


Hence, if the Sine of Incidence out of Air into 


Water be to the Sine of Refraction as (ab: de) I: R, 


and that of Incidence to the Sine of Refraction 64 


of Air into Glaſs nat, 9: 1140 I: R; thenno = 


221 


F „= n 


Ix de; but when the two Media B B and CC are 

contiguous, d e c will be the Sine of Incidence out 

of Water into Glaſs, and i = m1] the Sine of Refrac- 

tion ; therefore cf : :: RKI: RX I: 

G ncidence out of Water: to the Sine of Refraction in 
ls. 

27. I cannot here omit to mention the accurate Me- 
thod which was made uſe of by Mr. Hawkſbee, at the 
Appointment of the Royal Society, to determine the re- 
fractive Power of the Air, which was thus ; He made 
choice of a diſtin erect Object P, at the Diſtance of 
2588 Feetz a Priſm ABC was exhauſted of its Air, and 
applied to the End of a 10 Foot Teleſcope with a Hair in 
its Focus, The Object was then viewed through the 
Vacuum by the Ray PES; then admitting the Air into 
the Priſm, the ObjeR was "ſeen ta riſe above the Hair 

ually, as the Air entered; in the End, the Hair was 


ound to hide a Mark in the oo 104 Feet below the 


* as at P, ſo that PM = 104 Feet. 


: the Sine 


Plate 
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hl ab done, the Condenſer was applied, and one 
Amo 


injected into the Priſm, which was applied 
to the Teleſcope, 
the Object was ſeen to deſcend through the fame Space 
of 104 Feet. Now ſince the Radrus PI = 2588, "and. 
PM = 10,25, we ſhall find the Angle PIM "68%, 


taken | 


as before, and letting out the Air, 


me half of which gives 3 for the Angle QDI, which e 
3 
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| Sun X Y, which is, pe bebte, cue of the 


| moſt ſurptkzin g and agreeable Spectacles of 
i Nature, 

| | Tus 
i taken "ui the Angle QPK or Q 32 el the 


Angle of the Priln) gives the 25 Ne DI or LDS 
= 31* 59' 26”, and (o the Sine of nde Angle of Inci- 
dence in 2 (32) is to the Sine of the Angle of 
r into Air (31 59“ 26”) as 1000000 to 
1 _ Mr. Hawiſbee*s own Figures in Plate 
ig. 7, 8, 9.) 
| * In order to . hang the Difference between the 
true and apparent Places of Objects, ſeen through a 
Medium of different Denſity from the Air, let the 
Scheme be conſtructed as in the Figure, where the Sines 
Plate of Incidence and Refraction are HL and GI; and 
XXXIV. theſe are in a given Ratio of A to B, that is, HL : 
Fig. 9. GI: A: B; but becaule of parallel Lines N Ne C, 
; — toe HS N K; therefore NK: 18: 2B: 
NC: ICS HC; but NC: HC:: CE; ext be- 
3 E. is parallel to K D, therefore CE: CM; 
A 
30. Now ſince the Ray E C coming from an Object 
at E is refracted in the Air into the Ray H Q; if 5 C 
be continued to F, the apparent Place "of the Object» 
will be in the refratted Ray at Ml in the Pe rener 
E P, and projected to F on the horizontal Plane OR, 
but the Point M will always be the viſible Place of the 
Image; therefore when the Angle CE O is indefinitel 
ſmall, or the Point C coincides with O, the Lines C 1 
and C M will —_— OE and OM; and in that Caſe, 
OE:OM::A:B::4: 3, in Water. Whence tis 
evident that * apparent Place of an Object FEY 
in Water, and view'd in the Perpendicular, be at 
2 of the Depth of Water, 
31. But if the Medium be Glaſs, then OE: OM :; 


85 2, or more nearly as 17 to 113 fo that 1 5OE = 
M, or the apparent Place of an Obj ect ſeen A 
"the 


2 Medium of Glaſs, will be at the Diſtance of 33 


, ˙ onto 
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Tux ſeveral Sorts of Rays, after they 
are retracted, appear in their own proper 
Wa | Colours 


the. Thickneſs of the Glaſs O E. In Diamond, it would 
be at the Depth of ; of the Thickneſs, and fo on for all 
the other Bodies mentioned in the foregoing Table, 

32. On the other hand, as the Point C recedes from 
the Point O, the Angle CEO, which is equal to the. 
Angle of Incidence E C D, becomes greater, and there- 
fore alſo the Angle of Refraction H C K, or the re- 
fracted Ray HC, will have a greater Inclination to the 
horizontal Line A B, and therefore alſo CF; on which 
account *tis evident the Diſtance of the apparent Place 
of the Object, viz. the Line O M. will decreaſe, and 
of courſe the Object will ſeem to riſe in the Perpendicu - 
lar. And when the Angle CE O is fo great, that the 
Ray C H is refracted parallel to the Horizon, or becomes 
coincident with A C, then C M will become C O, and 
the Object at the Bottom at E will appear on the Surface 
of the Medium at O. f 

33. In this Caſe, if the Medium be Water, we have 
Ct:CO::4: 3, whence we ſhall find O E = 2,65 
nearly; therefore in any Veſſel, whoſe Width is 2 C 
= 6, and Depth OE = 2,65, when filPd with Water, 
any Object placed at the Bottom, when viewed in the 
ks ug will appear raiſed from E to M, 2 of the 
Depth; and as the Eye tecedes from the Perpendicular 
to the horizontal Line A C, the Object will appear to 
riſe from M to the Surface of the Fluid at O; all which 
may be confirmed by pouring Water into a common 
Tea-Diſh, or Baſon, and viewing the Flower, Ce. 
painted at the Bottom. N 

34. Hence appears the Reaſon why a ſtraight Stick, ag 

N 5 E. en placed with one Fart C E in Water will 
always appear crooked, v/z, in the Form N CM, the 
Part C E being raiſed by Refraction into the apparent 
Situation C M; and the Part under Water will always 
appear ſhorter, for E C will be contracted into C M. 
All which is known by common Experience. 


X 4 35+ Alſo, 


* 
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be” Guts 7 FEW > 
Colours in Order as follows, vis. Thoſe 
which are leaſt refracted, or fall neareſt the 
ns. Af | Perpen- 


ö 35. Alfo, ſince E M, the Difference between the true 
and apparent Place of Objects, ſeen through a Medium 
is always greater in Proportion to the Depth O E, and 


the Obliquity of the Rays refracted to the Eye, it will 


follow, that any circular Body immerſed in Water, 
in a Poſition perpendicular or inclining to the Horizon, 
will fuffer a * Refraction of Rays from the lower 
Parts, than from thoſe above; and conſequently the 
lowermoſt Semicircle will put on the Appearance of a 
Semi- ellipſis; and alſo the upper one, but not ſo much 
ſo, the Refraction being leſs than below. The Conſe- 
13 of which is, that the Circle thus viewed in the 
Acdium will appear elliptical, as having its vertical Dia- 
wy the Refraction; whereas the hor1zon- 

tal Diameter will remain of the ſame Length, being only 
raiſed apparently above its real Situation; whence the 
Reaſon of the Figure of the horizontal Sun and Moon 
above-mentioned, g 45 | +” "+" "4 | 
36. From what has been faid, 'tis eaſy to underſtand, 
that when the Ray E C in the Medium is refracted into 
the Air nearly parallel or coincident with the Horizon 
AC, in which Caſe (if the Medium be Water) the 


Line CE = AC being Radius, we have the following 


Analogy; As 4 is to 3, ſo is Radius AC or CE to the 
Sine of the Angle of Refraction CO or DE; which 
Angle is therefore nearly 48˙ I ſay, *tis eafy to under- 
ftand, that if the Ray of Light E C fall on the Surface of 
the Medium with a greater Obliquity than what is here 
ſpecified, that is, ſo as to make the aps E CD greater 
than 485, the Ray will be wholly reſſected back again to 
the lower Surface, and none will go out into Air at 
either Surface of the Medium. | | 
37. Again, if the Medium be Glafs, fince the Sines 
of Incidence and Refraction in that Cafe are as 11 to 
17, the Angle ECD will be about 41% when the re- 
fracted Ray C H becomes coincident with the horizons 
tal Line A C; and therefore when the Angle is * 


— 
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| Perpendicular PE, are Rid and make the 
red Part of the 


are the Orange at O, the 7?low at V, the 


Spectrum at R; the next 


Green at G, the Blue at B, the Indigo at I, 


and the Violet at V: And theſe Seven are 
all the original fimple Colours in Nature; 


and of which, by various Mixtures, all 
others are compounded, in the common 
Refractions and Reflections from natural 
Bodies. (CXVIII.) * 


- SINCE 


the Light will be wholly reflected from one Surface of 


the Glaſs to the other ; and never let out into the Air ; 
whence it follows, that though the Particles of Matter in' 
Bodies be in themſelves traniparent, yet if they are fo diſ- 
poſed one among another as to reflect the Light ve 
obliquely, tis plain, the Light in ſuch a caſe will be loſt. 
by various Reflections within the Body, and thus prove 
a Cauſe of the Body's Opacity. | 2 
(CXVIII.) 1. This different Refrangibility of the 
Sun's Light proceeds from hence, that the Particles of 
Light are of different Degrees of Magnitude; for if any 
Power act upon a Body, fo as to give ita particular De- 
termination or Direction of Motion, that Determination 
or Direction of the Body's Motion will always be the 
ſame, while the Energy of the Power and the Quantity 


of Matter remain the ſame, and will be variable in Pro- n 


portion as either of theſe is ſo. 

2. But the refracting Power of the Medium will be 
always the ſame while it is homogeneous, or all of one 
dort of Matter; therefore when a Ray of Light paſſes 
through a Subſtance of Water, Glaſs, Cryſtal, &c. and 
a different Direction of Motion is thereby communicated 
to different Parts of the Ray, it follows, that the Particles 
which conſtitute thoſe Rays, which have a different Di- 


4FeRtion, mult be among themſelyes unequal in * ; 


n a 2 * 


% | { 
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SINCE A Lens does, in the Manner of a 4 
Priſm, more or leſs ſeparate the Rays of 


Light 


of Matter, and conſequently in Bulk; and ſince the 
Quantity of Motion is in the Ratio of the Bulk aud 


Velocity, (in this Caſe) tis plain, the greater the Ve- 


locity is, he leſs will be the Bulk; and therefore thoſe 
Rays of Light which ſuffer the greateſt Refraction are 
leſs in Bulk or Magnitude than others which are not ſo 
much refracted, the greater Particles being not ſo much 
ſubje@ to the Power of the Glaſs ; as a large Needle is 
not ſo eaſily moved by a Loadftone, nor at ſo great a 
Diſtance. Fo 

3. This being the caſe, *tis eaſy to be underſtood, 


that when a Beam of Light, as HF, is let into a dark 


Room, through a Hole in the Window-Shutter, and is 
made to fall on a Priſm A CB at F, it will be attracted 
by the Surface of the Glaſs at F in a perpendicular Di- 
rection, and cauſe the ſeveral Particles to deviate from 
their right-lined Courſe to I (which they before had), 
and Ale towards the Perpendicular a b, that is, to- 
wards the Parts Fa within the Glaſs ; which Deviation 
or Refraction will be greater in Proportion as the Par- 
ticles of Light are ſmaller. | 


4. Hence the ſeveral Particles of Light will proceed 


from the Side A C to the Side D C in different Direc- 
tions ; where, when they arrive, and go out again in- 
to the Air, they will be again affected by the ſame at- 
tracting Power of the Glaſs, which will here produce 
the ſame Effect as before; that is, it will cauſe each 
Sort of Ray to incline towards the Side of the Glaſs, 


and conſequently to be refracied from the Directions they 


1 had in the Glaſs, and from the Perpendicular 
PE. og | 

5. Thus thoſe Rays, whoſe Particles are largeſt, 
will deviate leaſt from the Perpendicular, and will there- 
fore go to R, and make the loweſt Part of the colour'd 
Spectrum, and theſe will appear of a Red Colour, The 
Particles next lefs in 8 will be ſomewhat more 

) 


refracted, and will go to 


and be of an Orange Co- 


lour ; 


"2 
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Light paſſing through it, it follows, that 
all the ſeyeral Sorts of Rays will have 
4 their 


lour ; the next Size leſs will be {till more refracted, and 
appear 77low at Y; and thus the Refradtion will proceed 
in the Green at G, the Blue at B, the Indigo at I, and 
the Vialet-coloured Rays at V; which as they are moſt 
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++ "x5 are thereby proved to be the leaſt of all in Mag- 


de. | | f 
6. 1 ſhall now proceed to ſhew, ſince the Sun's Light 
is variouſly refrangible, what the particular Degree of 


Refraction is which every Species of Rays undergoes, 


and the Sines of thoſe Angles reſpectively. In order to 
this it muſt be conſidered, that the Sine of Incidence 
is the ſame in all; and that when the Incidence is ſuch 
as that the Ray F K, upon the firſt Refraction, ſhall paſs 
in the Direction parallel to the upper Side of the Priſm 
GH, the Refractions made at each Side of the Priſm are 
equal, and equal to the refracting Angle of the Priſm 
GDH; all which is evident from what was demonſtrat- 
ed in Annot. CXVI. | | 

7. Alſo it is known by Experience, that when the 
Priſm ABC is held with its Axis perpendicular to the 
Sun-Beam, and 'then turned round upon its Axis, the 
Image or coloured Spectrum will firſt deſcend to a cer- 
tain Limit, where it will become ſtationary, and then 
aſcend to the ſame Place as at firſt ; whence it appears 
plain, that fince the Altitude of the Image above the 
Place where the Sun-Beam would fall, were the Priſm 
away, is owing to the Sum of the Refractions made at 
each Side of the Priſm, while the Image deſcends the 


Sum of theſe Refractions muſt decreaſe, and when the 


{mage aſcends the ſaid Sum muſt increaſe. 

8. Conſequently, ſince the Image falls twice upon the 
ſame Place in one Rotation of the Priſm, there are two 
Poſitions of the Priſm wherein the Sums of the Refrac- 
tions at its Sides are equal; and theſe happen when the 
Angles of the incident Beam HDL and ODL are 
ſuch as will cauſe the refracted Parts D G and D F to 
þe equally inclined to the Sides of the Priſm, but con- 


mary 
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their proper 'Focus's, or be convened to fo- 


many different Points in the Axis of the 
Lens, 


trary Ways; that is, ſo as to make the Angle DGB 
= BDF and GDB = DF B, and therefore the 


Triangles D B G and D BF equi-angular. For in the 


Poſition of the Ray HD G the Refractions at the 
Angles D and G are reſpectively equal to the Angles 
E and D in the other Situation of the Ray ODE; 
and therefore the Sum of the RefraRions on each Side 
in each Caſe muſt be equal, and cauſe the Image to ap- 
pear twice in the ſame Place. | | 

9. While the unequal Refractions at each Side the 
Priſm, at D and G, or D and F, are approaching to- 
wards Equality, the refracted Ray D G or D F is conti- 
nually N e to the Situation DE; where when 
it arrives, the Angles at D and E being then equal, 
the Refractions at each Side will be equal alſo, and the 
Image in that Caſe be brought to its Limit or loweſt 
Site. Then RD will be the ingident Ray, and E P the 
emergent one. "ey | 

10, Produce RD and E till they interſect each at I, 
and any horizontal Line in M and N; then let the Angle 
RMN be the Altitude of the Sun, and PN M that of 
the Spectrum at P; which Angles are eaſily meaſured 
with a Quadrant. Their Sum is equal to the external 
Angle PIM, which is again equal to the two internal 
Angles of Refraction I DQ and TEQ; and, by what 
has been now ſhewn, INQ = IEQ = ADK; where- 
fore QDE = DBKE = N 4 M. Hence4N+M 
+IDQ=TIDE or RD L, the Angle of Incidence. 

I1. We ſhall give Sir {ſaac Newton's Example in this 
Affair. The refracting Angle of his Priſm was ABC. 
= 62? 30', the Half of which is 31* 15% whoſe Sine 
is $188, the Radius being 10000. When the Spectrum 
was in its Limit, or ſtationary, he obſerved with a Qua- 
drant the Angle PN M of a mean refrangible Ray E P, 


that is, of one that went to the Middle of the colour'd 


Image at P; and by adding this to the Angle R M N- 
of the Sun's Altitude taken at the ſame time, he ob- 
| tained 
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' tained the Angle PI M to be 4% 40'; whofe Half 229 


20% added to Half the Angle of Refraction 319, 15 | 


makes the Angle of Incidence. RD L = 53 355 whoſe 
Sine is 8047. The Sine of Tcidence, therefore, is to the 
Sine of Refraction of a mean refrangible Ray, or that of 


Yellow Light, as 804) to 5188, which is as 31 to 20. 
(See the Table, Aunot. CXVII. 24.) 


12. If there were but one Sort of Light, it then 


would be equally refracted, and the [mage of the Sun 


would not then be long, but round; and if the Rays 
were firſt received by a Convex Lens, they would all 
paſs to its Focus, and there repreſent the Sun's Ima 


very diſtinctly in a circular Spot, -which Image would 


ſubtend the ſame Angle at the Lens as the Sun itſelf does, 


or half a Degree, at a Mean. All this will be demon- 
ſtrated hereafter. ; 


13. If theſe Rays, after having paſs'd through the 


Lens, were received by a Priſm, ſince the Sums of Re- 
fractions at the Sides of the Priſm are equal, (as we 
have ſhewn they are when the Image is ſtationary, Art. 8.) 
the Rays will have the ſame inclination to each other 
after Refraction through the Priſm as before; whence 
the Angle is not changed, but gives the Image of the 


Sun ſtill equal to 30%. But to illuſtrate this, let MN be 


the Section of the Window -Shutter in a dark Room, in Plate 


which, through a Hole O, a Pencil of Rays K OL is 
tranſmitted to the Lens K L ; which would converge 
them to a Focus at H, were they not intercepted by the 
Interpoſition of the Priſm A 3 C, by which means 
they are refracted to I. And ſince the Sum of the Re- 
fractions at E and D is equal to that at F and G, the 
Angle FIG will be equal to the Angle FHG ; and 


if the Sun were but a Point, its Image at H and I would 
be a Point alſo. © - 


: N 
Lens, and not all to one Point only, as is 
neceſſary for a perfect and uniform Repre- 


ſentation 


XXXVII. 
Fig. 1. i 


14. But ſince the Sun has the apparent Magnitude of F ig. 2. 


30, let the Angle MN be the Angle under which 
the Sun appears; that is, let M Q_ be a+ Ray 2 
| Boe 3 om 
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ſentation of the Image of any Object: For 


the Red Rays proceeding from the Object 
will 


from the upper Limb of the Sun, and N Q another 
from the lower Limb. Theſe croſſing each other in the 
Center of the Lens K L, at Q, make the Angle DQE = 
MN; nor is this Angle altered by the Refractions 
through the Priſm, as being equal on each Side ; there- 
fore the Image at I will be ſubtended under an Angle of 
30 Minutes. | 

15. And ſince this will be the Caſe of every Sort of 


Rays contained in the Sun's Light, if that which we 


have been conſidering be a mean refrangible Ray, then 
the leaſt refrangible Rays will form an Image in like 
manner at R, the moſt refrangible Rays another at P, 
and the intermediate Rays their ſeveral Images reſpec- 
tively. So that the coloured Spectrum P R conſiſts of 
as many circular Areas as there are different Sorts of 
Rays ; and is every where of an equal Breadth, viz. half 
a Degree. 

16. Now *tis evident, that if the Sun be ſuppoſed a 
Point, each of thoſe Circles, being the Images of the 
Sun and ſimilar to it, muſt alſo be contracted into a 
Point, and fo the coloured Spectrum P R would in that 
Caſe have ne Breadth ; and its Length would decreaſe 
at each End by the Semidiameter of the Circle P and R, 
and therefore would ſubtend an Angle of 3o' leſs than i 
now does. | 

17. In order to determine the Angles of Refraction 
of the leaſt and moſt refrangible Rays, we muſt firſt 
determine the Angle PI R, which the Image PR 
ſubtends at the Diſtance it is formed from the Priſm 
ABC. The Sun being ſuppoſed a Point, let SD be 
the incident Ray, which continue out to V ; and let 
LD K be perpendicular to the Side AB in the Point of 
Incidence D. The Ray S D at its firſt Refraction is 
diffuſed through the Space G DF within the Priſm; 
D G is the leaſt refrangible Ray, D F the greateſt, and 
DE (parallel to A C) the mean refrangible 14 The 
Sine of the Angle of mean Refraction ED K to * 
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will be converged to 4 Focus at a greater 
Diſtance from the Lens, than the Indigo 


or. 


of Incidence ID K has been already ſhewn to be as 5188 
to 8047, or as 20 to ZI. v 

18. We are now to and ge Quantity of the Angles 
GDK and FDK. Sine each Ray will ſuffer the 
ſame Degree of Refraction at the ſecond Surface as at 
the firit very nearly; let the refracted Rays FP, E T, 
G R, be produced, and they will interſect each other in 
the Point I, making I F, IE, IG ſeverally very nearl 
equal to DI, and therefore the Angles IFD =IDF, 
and FG'D =IDG ; therefore PIV =2FDV, and 


RIV =2GDV. Hence PIV-RIV =PIR = 


2FDV—2GDV; conſequently, PIR = FDV 
— GDV = FDG. 

19. The Angle PIR is diſcovered by meaſuring the 
Length of the Image P R, and its Diftance from the 
Priſm ABC. This Sir 2 Newton has done with 
great Exactneſs. The retracting Angle of his Priſm 
was ABC = 62 30', the Diſtance of the Spectrum 
184 Feet, the Length 9 or 10 Inches, the Breadth 2 
Inches. This ſubducted from the Length leaves 72 
for the Length of the Image were the Sun but a Point, 
and therefore ſubtends the Angle which the moſt and 
leaſt refrangible Rays P F and R G do contain with one 
another after their Emergence from the Priſm. 

20. But at the Diſtance of 18, 5 Feet, the Length 
5 Inches is the Chord of an Arch equal to 207“ = 

IR; therefore FPIR=FDG = 1* of 33" ; whence 
EDG 1 FDG) = of 3 2” = FDE. But the 
Angle EDK = DBK = 31* 15' 0% Wherefore 
EDK + EDG = 31*45'2” GD K, the * 
Refraction of the leaſt refrangible Rays; and E DK — 
EDF = 30* 44 58” =E DK, the Angle of Refrac- 
tion of the moſt refrangible Rays. | 

21. The natural Sine of 31 45'2” is 5262 (as per 
Table, Annot. XLVI.), alſo the Sine of 30% 44 58” is 
5112. The common Sine of Incidence being ID K 


or SD'L = 5; 35, and Sine 8047; this 2 
| wi 
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or Violet Rays ; and ſo the Image will be 
coloured and confuſed in every Point be- 
| tween 


with the Sines of Refraction of the moſt, mean, and 
leaſt refrangible Rays, will ſtand as follows: 
| The moſt refrangible Rays FD, 
; | as 8047 to 5112. 
The Sine of Incidence ] The meanrefrangible Rays ED, 
is to the Sine of as 8047 to 5188. 
The leaſt refrangible Rays GD, 
| | as 8047 to 5262. | 
22. I have hitherto conſidered the Refraction made 


out of Air into Glaſs, after the common Way. But 


as Sir {ſaac Newton has proceeded in a contrary Me- 
thod, and ſtated the Proportions of the Sines of Re- 
fraction (as they are out of Glaſs into Air) to the com- 
mon Sine of Incidence in Glaſs, I ſhall for the future 
follow his Steps; and therefore ſuppoſing a Beam of 
common Light within the Priſm, as D E, ſhall conſider 


its Refraction into the Air at the Side B C in the Point 


E. The common Sine of the Angle of Incidence K ED 
or IE L = 31 15% was found to be 5188; and the 
Angle PER = 1*& 3%, the ſame as before. Alſo the 
Angle of the mean refrangible Rays T EL being 53? 
5% we have the Angle of the leaſt refrangible Rays 
EL = 53? 4' 58”, and the Angle of the moſt refran- 


gible Rays PEE = 54 5g 2”. The Sines of theſe 


Angles are 7995 and 8099; the Sine of Incidence, 
therefore, and of Refraction into Air, in the leaſt and 
molt refrangible Rays, are in the leaſt round Numbers 
as 5$3to 77 and 78. 

23. Now if you ſubduct the common Sine of Inci- 
dence 50 from the Sines of Refraction 77 and 78, the Re- 
mainders 27 and 28 ſhew, that in ſmall Refractions, the 
Refractions of the leaſt refrangible Rays is to that of the 
moſt refrangible as 27 to 28 very nearly; and that the 
Difference of the Refractions of the feat and moſt re- 
frangible Rays is about the 274 Part of the Refraction of 
the mean refrangible Rays. 


24. Now 


— 
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tween thoſe Extremes, except juſt in the 
middle Point, where the ſeveral Sorts of 

Rays 


24. Now in order to determine the Reftangibility of 
the ſeveral intermediate Rays of Light, Sir- 1ſaac took 


the following Method. He cauſed the Spectrum to be 


well defined, and delineated upon Paper its Perimeter 
as FAPGMT: This he held in ſuch a Manner, that 
the Spectrum might fall upon and exactly agree with the 


delineated F 7 7 This done, an Aſſiſtant drew the pf 
ef, Kc. actos the Figure very nicely AR RVII 


Lines ab, c 
upon the Confines of the ſeyeral Colours, that is, of the 
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9 % 


Red M23 F, of the Orange 4 ö c d, of the Yellow Fig 3* 


e de , and fo of the reſt; which Operation being divers 
times repeated, he found the Obſervations agreed very 
well, and that the Diviſions made by the Croſs Lines 
were thoſe of a Mufical Chord. | 

25, That is, if G M he produced to X, ſo that it 
be GM = MX, then the Line XK M= z XG will be 
the Otave. The Line a X: XG::9: 16; therefore 
a X will be the Leſſer Seventh, The Line c X will be; 
of XG, and therefore the Sixth Greater. e X will be 
2 of XG, which is the Fifth. g X is 3 of XG, a 
Fourth, X is of XG, a Third Leser. IX is & of 
X G, the Second Greater. So nicely has Nature ob- 
ferved an harmonical Diſtribution of Colours in the Solar 
Spectrum. ; 

26. If then the Difference between the Sines of 77 
and 78 be in like manner divided; that is, as the Line 
MG is divided, we ſhall have the Sines of Refraction 
in the ſeveral Red Rays extend from M to az or from 
77 to 77%; thoſe of the Orange Colour from a to c, or 
from 77+ to 77; ; thoſe of the Yellow from 77; at q 
to 77% at ez thoſe of the Green from 775 to7J%atg ; 
thoſe of the Blue from 77% to 775, at i; thoſe of the 
Indigo from 774 to 775 at I; and from thence the Vio- 
let to 78 at G. ; . 

27. This Diſcovery of the Harmonic Proportion of 
Colours in the Sun's Light has ſuggeſted the curious 
Hint or Idea of a Viſual 41e by means of an Ocular 

Vor. II. * Harpſichord, 
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Rays all interſe& each other, and exhibit 
the Image tolerably diſtin& and colourleſs. 
To this different Refrangibility of the Rays 
is owing the Imperfection of the common 
refracting Teleſcope, as will be but too eaſy 
to experiment. © | 
HENcE alſo Objects of any of the ſimple 
Colours, though contiguous to each other, 
yet if viewed through a Priſm appear ſepa- 
rated, and at a Diſtance from one another; 
And thoſe Objects will have their Images 
formed by a Lens at very different Diſtances 
in its Axis, eſpecially in Experiments of the 
deepeſt Red, and Violet, or Blue Colours; as 
a Card painted half with Carmine, and half 
with Ultramarine, made deeper with a little 


nadigo. (CXIX.) 


Harpfichord, which ſhall entertain the Eye with the Suc- 
ceſſion of harmonic Colours, as the common Harpſichord 
does the Ear with muſical Sounds. Yea, fome have 

carried this Matter ſo far, as actually to attempt the 

making of ſuch a Harpſichord, with full Aſſurance of 
being able to play Tunes to the Eyes. It were greatly 
to be wiſhed this Chromatic Muſic could be made as 
effectual to give Pleaſure to our Eyes, as common Mu- 
fic does to the Ears. We ſhould then have Harmon 
the Subject of two of our Senſes: And who can te 
but we may have muſical Eyes, as well as muſical Ears, 
could they be exerciſed by proper Objects ? Nay, who 
can tell what may be the Conſequence of this Diſcovery 
in regard of our other Senſes in the Ages to come ? 
They who would be farther amuſed with this chimerical 
Subject may conſult Voltaire's Philoſophy, and Agarotti 
on Light and Colours. | ; 
$4 Sir 
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 $1n[ſaac Newton found, by a very curious 
and convincing Experiment, that the Rays 


of 


(CXIX.) 1. Let DEK I be a double Convex Lens, plate 
N its Center, and N D the Radius of Convexity at D; gxxytr, 
F. V its Axis, and HE a Beam of the Sun's 1 inci- Fig. 4. 


dent on the Lens parallel to its Axis in the Point F. 
Let AB C be a Priſm touching the Lens in the Points 
E and D, and it is evident the Law and Manner of Re- 
fraction of the Beam at E will be the ſame, whether we 
conſider it as made through the ſolid Glaſs Priſm ABC, 
or through the Lens D E K, becauſe the Point of Inci- 
dence E is the ſame in or common to them both. 

2. The Beam being refracted at D, it is plain the Re- 
fraction will be there alſo made into the Air in «he ſame 
Manner from the Lens as from the Priſm, ſuppoſing them 
to touch in the Point D. Let ND be continued to L, 
then will L D be perpendicular to the Lens in D; and 
the Refraction being made into the Air (a rarer Me- 
dium), the refracted Rays will tend towards the Axis, 
and meet it ſooner or later as they are more or leſs re- 
frangible. Thus the moſt refrangible Rays D W will 
cut the Axis in G, the leaſt refrangible Rays D T in Q. 
and the mean refrangible Rays in O; and the others in 
the intermediate Space between O and G, and O and Q, 
The ſame is to be underſtood of the Beam I K on the 
other Side the Axis. | 

3. Hence we ce, that in the Axis of the Lens the 
Images of an Object will be formed in ſeveral Parts 
from G to Q; by which means the Object will appear 
Red at G, Violet-colour'd at Q, and of other Hues in 
the Parts between. Nor are we to underſtand that 
ſeven Images only are formed by the ſeven Sorts of 
Rays; but each particular Sort of Ray, according to 
the Intenſity of the Colour, from the ſtrongeſt to the 
fainteſt Part, conſiſts of an indefinite Number of dif- 
ferently refrangible Rays, each of which will form an 
Image of the Object in its proper Focus: And there- 
fore we may conceive as many Images formed in the 
Space from G to Q, as there are Points in the Line GQ. 

; Tu 4. The 
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of Light were as variouſly reflexible as re- 


frangible ; and that thoſe which were moft 
| or 


4. The Object ſeen by ſuch a Refraction of Rays, 
in ſuch an Infinity of Images, muſt neceſſarily appear 
very indiſtinct, eonfuſed, coloured, and obſcure ; and the 
Object-Glaſs of every common Dioptric Teleſcope 
oy of this Sort, is the Occaſion why they will not bear 
an Eye-Glaſs of ſo deep a Charge, or ſo ſhort a focal 


Diſtance as is requiſite for great Degrees of magnifying. 


This put Sir Iſaac upon inventing another Sort of Tele- 
ſcope by Reflection, of which we ſhall ſpeak largely 
hereafter. | | 

5. Suppoſe D E parallel to the Axis of the Lens, 
and produced to Z; then is ZDL = E DN the Angle 
of Incidence, and PDL, ODL, MDL, the Angles 
of Refraction in the leaſt, mean, and moſt refrangible 
Rays; and conſequently the Angles Z DP, Z D O, 
and Z DM will ſhew the Quantity of Deviation or 
reſpective Refraction of thoſe Rays from the firſt Direc- 
tion EZ. Whence ZP: Z M:: 27: 28; and ZP: 

I 


© Zo:: 27': 274. Alſo PM = — 2 O, the whole 


27+ 
Refraction of the mean refrangible Rays. 


6. But the Angle ZDP =D QA, and Z DO = 
DOX, and ZDM = DG X. Now the Sines of the 
Angles DX and DOX or DO, are as their 
oppoſite Sides OD and Q, that is, nearly as XO 
and X Q. For the ſame Reaſon the Sines of the Angles 
DOXandD GX, are nearly as GX and OX. Where- 
fore Z P, Z O, Z M, are as GX, OX, and QX; 
whence PM: Z M:: Q: Q; and therefore GQ= 
+ QX, But QO is nearly equal to O G, when Q X 
is very great; an O:QX::PM:DY :1:56, 


becauſe e Q, or 56 QO. 


7. Or thus more accurately, without regard to the 
focal Diſtance QX or OX. Let I, L, G, be as the 
Sines of Incidence, and of the leaſt and greateſt Refrac- 
tion, or as the Numbers 50, 77, 78; (See 8 
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or leaſt refrangible were alſo moſt or leaſt 
reflexible: And farther, that Rays of Light 


were 


CXVII. 22.) then will ZP = L-I, ZM = GI., 
and PM = G—L; whence PM:ZP:: G- L: 
L —I ; and doubling the Conſequents, we have PM: 
2 BP (=DY —PM)::G—L : 2L—21. Then 
conjointly, PM: DY :: G=-L : GT E-21 :: 78 
77:78 + 77—-100::1:55; or PM = N Dx, 
the Aperture of the Glaſs. , | 
8. From hence it appears, that the Ratio between 
PM and D Y is conſtant, or always the ſame, whatever 
be the focal Diſtance of the Lens. It is alſo very evi- 
dent, that P M is the Diameter of a Circle, in which 
will be a Mixture of every Sort of Rays, from the leaſt 
to the moſt refrangible. This Circle therefore is that 
in which the Light is white, or not tinctured with the 
Colour of any particular Sort of Rays; for the Ra 
being here promiſcuouſly thrown together, the Light 
compounded of them muſt be nearly the ſame with 
of the Beam before Refraction. | 
9. By the ſame Rule we may find the Diameter of _ 
the leaſt Circle that receives the — of any ſingle Co 
Jour, or of any contiguous Colours. Thus all the'Ye/- | 
low is contained in a Circle whoſe Diameter is a 4ogth 
Part of the Breadth of the Aperture of the Glaſs (which 
we ſuppoſe a Plaxe Convex, becauſe of DE parallel to 
the Axis); for in this Caſe G = 774, L = 773, and 
= 50. (See Annot. CXVII. * Whence by the 
Analogy we have PM: DY:: G-L: G4 - 
21: 0,133: 544533 :: 1: 409. Thus for two conti- 
guous Colours, the Orange and Yellaw; the Sines on 
cach Side being 770 774» give the Diameter of the 
Circle in which both theſe c dRays are contain'd, a 
260th Part of DV. "A 
10. From hence it is Ping that when the —_ 
are received a large very convex Lens, the 
conic e * oem — Nog DPM Y will 
conſiſt of the Red-colour'd Rays; and if received 
on a white Paper, held 3 to the Axis, the 
| 3 Cucumference 
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were not reflected by impinging on the 
ſolid Parts or Corpuſeles of Bodies, and 
1 rebounding 


Circumference of the circular Section or Area will be 


remarkably tinged with a reddiſh Colour inclining to 


Orange, by the leaſt refrangible Rays DP and Y M. 


On the contrary, the diverging Rays will, in the eonic 


Surface RP M W, have all the Violet and Indigo Rays 


NPR and DMW, and will therefore exhibit ſuch a 


colour'd Circle about the Light received on the Paper 


held any where in that Cone of b 
11. Since G is the Focus of Violet Rays, that is the 


Place where any Body of a Violet Colour will be ſeen 


diſtinctly, becauſe the Rays of that K ind, paſſing from 
that Point to the Lens, will after Refraction paſs paral- 
lel to the Eye; which is a Condition abſolutely neceſ- 


ſary to diſtinct Viſion, as will appear hereafter. For the 


ſame Reaſon Q. will be the Focus or Place where Ob- 
jects of a Red Colour will be moſt diſtinctly ſeen. 

hence it appears, that in viewing Objects through 
Glaſſes (as Speclacles for Inſtance), the Diſtance of the 


- Glaſs from the Object will be variable according to its 


different Colour. 


12. Hence a various-coloyr'd Object AB EF will 
have its Image formed in Parts by the Lens HI. Thus 
ſuppoſe A BCD be a Red Part, and DC EF a deep 
Blue; if this Chace? be- well illumined, and black 


Threads or Silks laid acroſs thoſe Colours, they will 
appear diſtinctly in their reſpective Focus's, v:z. the Red 
Part AB CD will have its Image diſtinctly formed at 


K, and the Blue Part at L; the former will be repre- 
ſented by 4 ů c di the latter by dc ef; and theſe Images. 


will be at very different Diſtances from the Lens. Thus 


if the Lens H I be of 3 Feet focal Diftance, and the 


Object be placed at the Diſtance of þ Feet from it, the 


a 


on the other Side, at the Diſtance of 6 Feet, 
formed one Inch and a g from each other; 
that is, the Red at K will be 14 Inch beyond the Blue 


dt 1 


13. Another 
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T ebounding from thence like a Tennis- Ball, 


but from ſome other Principle depending 
0 


13. Another Conſequence of this different Refran- 
gibility of the Rays of Light is, that if two Objects 
. of different Colours, as Red and Blue, be view'd thro? 
a Priſm, they will be refracted to different Heights; 
and though they were contiguous before, or Parts of 


one and the ſame Object, yet will They appear ſeparate, or 
as two diſtinct and diſtant O bjefts. 
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us ſuppoſe D H EI Plate 


be an Object whoſe Part D G is intenſely Blue; and the xXxXVII. 
other Part FE intenſely Red; if this be viewed by a Fig. 6. 


Prim BAC bac, with the refracting Angle or Edge 
A a upwards and parallel to the Horizon and the Sides 
DI and HE of the Object, the Image of this Object will 
appear at d e, with the Blue Part d g refracted higher than 
the Red fe. On the contrary, if the refracting Angle 
of the Priſm be turned downwards, the Image will be re- 
fracted downwards to d e, the Blue Part lower to dg, and 
the Red higher at fe. | 
12, We alſo ſee the Reaſon why Objects appear dif- 
ferently coloured when the Eye is held near the Priſm, 
as at D, to view them, viz. becauſe the Rays of every 
Colour are there ſo very near together, that by can be 
all received by the Pupil of the F and will taerefore 
aint the Image in all its proper Colours on the Reting. 
hereas if the Eye be gemayed to a greater Diſtance 
from the Pfiſm, as to , ö, c; there, becauſe the Ra 
ſpread through ſo wide a Space, but few can enter the 
upil, perhaps only one particular Sort, and then the Ob- 
ject will appear of that particular Colour only; as Vielet- 
colour d at a, Green or Yellow at ö, and Red at c. | 


15.” The Rays of the Sun's Light, once refracted, Fig. 7 


undergo 


farther Refraction by a ſecond Priſm, and of 
courſe e 


it no other Colours: For let an Hole be made 


at g in the Board de, on which the coloured Spectrum 


is made in the dark Room, by Rays which come thro' 


a Hole G in a Board DE placed juſt before the Priſm 


ABC; by turning the Priſm AB C ſlowly about its 
Axis, the Image wilt be made to move up and down 


Y 4 on 


7 


| 
| 
| 
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were not reflected by impinging on the 
ſolid Parts or Corpuſcles of Bodies, and 


rebounding 


-Circumference of the circular Section or Area will be 


_ remarkably tinged with a reddiſh Colour inclining to 
Orange, by the leaſt refrangible Rays DP and Y M. 


On the contrary, the diverging Rays will, in the conic 


Surface RPM W, have all the Violet and Indigo Rays 


NPR and DMW, and will therefore exhibit ſuch a 


colour'd Circle about the Light received on the Paper 


held any where in that Cone of Rays. | 
11. Since G is the Focus of Violet Rays, that is the 


Place where any Body of a Violet Colour will be ſeen 
_ diſtinctly, becauſe the Rays of that K ind, paſſing from 


that Point to the Lens, will after Refraction paſs paral- 
lel to the Eye ; which is a Condition: abſolutely neceſ- 


ſary to diſtinct Viſion, as will appear hereafter. For the 


ſame Reaſon Q will be the Focus or Place where Ob- 
jects of a Red Colour will be moſt diſtinctly ſeen. 

hence it appears, that in viewing Objects through 
Glaſſes (as Speclacles for Inſtance), the Diſtance of the 
Glaſs from the Object will be variable according to its 


different Colour. 


12. Hence a various- colour d Object AB EF will 


XXXVII. have its Image formed in Parts by the Lens HI. Thus 


Fig. 5. 


ſuppoſe A BCD be a. Red Part, and DCEF a deep 


Blue; if this Object be well illumined, and black 
Threads or Silks ſaid. acroſs thoſe Colours, they will 
appear diſtinctly in their reſpective Focus's, viz. the Red 
Part AB CD will have its Image diſtinctly formed at 


K, and the Blue Part at L; the former will be repre- 
ſented by 4 ů cdi the latter by dc ef; and theſe Images. 


will be at very different Diſtances from the Lens. Thus 


if the Lens H I be of 3 Feet focal Diſlanct, and the 


Object be placed at the Diſtance of 6 Feet from it, the 


Images on the other Side, at the Diſtance of 6 Feet, 
will Be formed one Inch and a g from each other; 
that is, the Red at K. will be 14 Inch beyond the Blue 


13, Another 


at L. 
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rebounding from thence like a Tennis- Ball, 


but from ſome other Principle depending 
+4 | | on 


13. Another Conſequence of this different Refran- 
Song of the Rays of Light is, that if two Objects 
ol di 

a Priſm, they will be refracted to different Heights; 
and though they were contiguous before, or Parts of 
one and the ſame Object, yet will they appear ſeparate, or 
as two diſtin and diſtant Qbjefts. Thus ſuppoſe DHEI 


erent Colours, as Red and Blue, be view'd thro' 


Plate 


be an Object whoſe Part D G is intenſely Blue; and the xxxvn. 
other Part FE intenſely Red; if this be viewed by a Fig. 6. 


Prim BAC bac, with the refracting Angle or Edge 
A a upwards and parallel to the Horizon and the Sides 
DI and HE of the Object, the Image of this Object will 
appear at d e, with the Blue Part d g refracted higher than 
the Red fe. On the contrary, if the refracting Angle 
of the Priſm be turned downwards, the Image will be re- 
fracted downwards to d e, the Blue Part lower to dg, and 
the Red higher at Fe. 
12, We alſo ſce the Reaſon why Objects appear dif- 
ferently coloured when the Eye is held near the Priſm, 
as at D, to view them, v7z. becauſe the Rays of every 
Colour are there fo very near together, that they can be 
all received by the Pupil of the F and will taerefore 
— the Image in all its proper Colours on the Retina. 
hereas if the Eye be emoved to a greater Diſtance 
from the Pfiſm, as to a, ö, c; there, becauſe the Ra 
ſpread through ſo wide a Space, but few can enter the 
upil, perhaps only one particular Sort, and then the Ob- 
ject will appear of that particular Colour only; as Violet- 
colour'd at a, Green or Yellow at b, and Red at c, 
15.” The Rays of the Sun's Light, once refraQed, 
undergo no farther Refraction by a ſecond Priſm, and of 
courſe ex Mit no other Colours: For let an Hole be made 
at g in the Board de, on which the coloured Spectrum 
1s made in the dark Room, by Rays which come thro? 
2 Hole G in a Board DE placed juſt before the Priſm 
ABC; by turning the Priſm AB C ſlowly about its 
Axis, the Image wilt be made to move up and down 


Y4 on 


Fig. Te 
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en the Size of the Particles of Light, and 


the Thickneſs or Denſity of the Particles 
of the Body reflecting it, which are all 


of them, in the moſt opake Bodies, tranſ- 
parent in themſelves, as is eaſy to be ſhewn 
in the thin Lamellæ or Plates of which an 
Oyſter- Shell doth conſiſt. 

IT will be thought very ſtrange to Alert, | 
that a rare Medium is more impervious ta 
the Rays of Light than a denſer one; and 
yet nothing is mare certain, or eaſier proved 
by Experiment: For Example, a Beam of 
Light is much more copiouſly reflected from 

the 


on the Boardd e, by which means each colour'd Ray will 


| Kay ſingly through * Hole g ſucceſſively ; and if ale 
: 3 


be re a ſecond time through the Prifm @ 5 c 
ns juſt behind the Hole g, they will go from thence ta 
the oppoſite Wall at M or | , and there a Nhe pear juſt as 
before in their proper ſimple Colour; ; the Blue will ap- 

Blue, the Red will be fill Red, and the Violet the 

Violet as before. 


16. But though the Rays are not any farther refran. 


* by the ſecond Priſm a þ c, yet it appears that thoſe 
s which are leaſt and 5 reſrangible by the firſt 


Prilm are likewiſe fo by the ſecond ; for "he Boards D E 


and de being fixed, 8 the incidence of Light on the 


| ſecond Priſm to be always the ſame: Yet LL 
2 


the firſt Priſm A B C about its Axis, the Red Light 
would go by a ſecond Refradtion to M, | the Vide | 
Light = go higher to N. Which plainly and un- 


deniably ſhews 1 ſome Sort of Rays eil always be 
more refrated, and are therefore more ne than 


others. And ence this decifive Experiment has gain'd 


Title of Experimgnt UGH, 
te tle of Experimentum 22 (oxx) 


563 
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the Second Surface of a Piece of Glaſs when 
contiguous to the Air, than when it touches 
Mater; and ſtill more, if contiguous to Va- 
fer, than when it is contiguous to Glaſs ; in 
which Caſe the Rays are totally tranſmit- 
ted. 
HE NOR, wonderful as it may ſeem, tis 
neceſſary, in order that a Body may be tranſ- 
parent, that its Subſtance ſhould be very 
denſe, and its Pores very ſmall; and that 
Opacity reſults chiefly from the Largeneſs of 
the Pores of a Body, occaſioned by its Par- 
ticles touching in but very few Points: Be- 
cauſe, if the Pores of ſuch a Body be fill'd 
with a Subſtance nearly of the ſame Denſity, 
it becomes in ſome Degree tranſparent, as 
Paper wetted with Mater or Oils And on 
the contrary, Mater blown up into ſmall 
Bubbles, has its Denſity diminiſhed, and 
its Poroſity increaſed, and thus becomes 
opake. (CXX.) 6 7 


Ir 


(CXX.) 1. The fame great Author of the Doctrine 
of the different Refrangibility of the Sun's Rays (as de- 
livered in the laſt Annotation) found alſo by other Expe- 
riments, that they were in the ſame Manner differently 
reflexible ; or that thoſe Rays which were leaſt and bag 
lis, gt were alſo leaſt and moſt reflexible. This he 
proved in the following Manner. OTE 
2. From 2 Hole F in the Window-Shutter E G, a Plate 
Beam of the Sun's Light FM paſg'd to the Baſe BC XXXVII. 
of a Priſm ABC, whoſe Angles B and C were equal Fig. 8. 


and 


— 


oo 
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Ir the Object-Olafs of a large Teleſcope 
be laid with its convex Surface on a plain 
Glaſs, 


and half right ones, and the Angle A a right one. The 
Light was firſt refracted at M into the diverging Beam 
MGH, of which M G was the leaſt refrangible Part, 
and M H that which was moſt fo. MN is the Light 
reflected from the Baſe through the other Side to a ſe- 
cond Priſm VX Y, by which the reflected Beam is re- 
fracted to f and p; N 7 being the leſs, and N p the more 


refracted Part. 1 


3. When the firſt Priſm ABC is turned about its 
Axis according to the Order of the Letters A B C, the 


Rays H M emerge more and more obliquely out of the 


Priſm, till at length they become reflected towards N. 
And it was evidently obſerved, that as the Priſm A B C 
was ſlowly moved about its Axis, all the Rays from M H 

to M. became ſucceſſively reflected towards N. 
4. The Conſequence of this was, that the Violet 
Colour þ received an Addition to its Strength and Bright- 
neſs upon the firſt Reflection of the Rays M H, beyond 
any of the other Colours towards 1; but as the Priſm 
ABC continued its Motion, and the other Ray be- 
tween H and G became reflected, ſo the other Colours 
from p to t became more intenſe and vivid, one ter 
3 by the new Acceſſion of Light to the Beam 
5. In this Experiment no Notice has been taken of any 
Refraction made at the Sides of the firſt Priſm A B C, 
becauſe the Experiment was made in ſuch Circum- 
ftances that the Beam F M enters it perpendicularly 
at the firſt Side A C, and goes out ſo at the ſecond 
AB; and therefore can ſuffer no Refraction, or ſo little 
that the Angles of Incidence at the Baſe are not ſen- 
ſibly alter'd by it. In order to this, the Angle FMC 
ſhould be about 45 Degrees; and then a ſmall Motion 
of the Priſm, to make the Angle FMC = 499, will 
cauſe the Beam F M to begin its Refraction. Or if the 
Angles B and C were each of them 41®, the Sun-Beam 
FM making an Angle FMC = 49 will begin to be 
| | reflected 
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Glaſs, the Light falling on the thin Por- 
tion or Plate of Air contained between 


the 


reflected at the ſame time that it contains a Right Angle 
with the Side A C (by Annot. XCV IE. 37): 
6. The Reaſon of the different Reflexibility of the 


| Rays of Light is the ſame as was before afhigned for their 


different Refrangibility, viz. the different Sizes or Mag- 
nitudes of the ſeveral Rays; for when the refracted Beam 
MGH approaches very near the Baſe of the Priſm B C, 
the attracting Power of the ſaid Baſe will ſooner affect the 
Particles of a lefler Size than thoſe of a larger, even 
though they were at an equal Diſtance from it; and 
therefore the moſt refrangible Rays M H will be firſt 
within the reflexive Power of the Surface B C, on ac- 
count of the great Tenuity of its Particles, as well as on 
account of its greater Proximity than the other Rays MG; 
on both which Accounts therefore the Ray HM will be 
firſt and moſt eaſily refracted. 

7. Now though in Refraction the Sine of the Angle 
of Incidence is different ſthm the Sine of the Angle of 
Refraction, on account of a ſmaller Particle being at- 


tracted more out of its Way towards the Perpendicular 


than a larger ene, whereby a Separation of the Rays is 
produced; yet becauſe in Reflections , Particle 
whether great or ſmall muſt neceſſarily be reflected un- 
der an Angle equal to that of Incidence, it follows, that 
all the Rays after Reflection will have the ſame Inclina- 
tion to each other as before, and ſo no Separation can be 
made among them, and conſequently no different colour'd 
Light will be produced by a total Reflection of the Sun's 


Rays. | 

8. What has been ſaid of the Manner in which Light 
is reflected is in the groſs only, and true but in Part; 
for though in Reflections the Angle of Incidence be ever 


equal to the Angle of Reflection, yet the Reflection of 


the Particles of Light is not made by their impinging on 
the ſolid or impervious Parts of Bodies, as is commonly 


believed. his our great Author proves by the following 


Reaſons. 


9. Firfl, 
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the Glaſſes will be, at ſeveral Diſtances 
from the Center, alternately tranſmitted 


and 


9. Firſt, That in the Paſſage of Light out of (laſs 
into Air, there is a Reflection as ſtrong as in its Paſſage 
out of Air into Glaſs, or rather a little ſtronger, and b 
many Degrees ſtronger than in its Paſſage out of Glaſs 
into Water. And it ſeems not probable that Air ſhould 
have more ſtrongly refleQing Parts than Water or Glaſs : 
But if that ſhould be ſuppoſed it will avail nothing ; for 
the Reflection 1s as ſtrong or ſtronger when the Air is 
drawn away from the Glaſs by an Air-Pump, as when 
it is adjacent to it, 

10. Secondly, If Light in its Paſſage out of Glaſs 
into Air be incident more obliquely than at an Angle af 
40 or 41 Degrees, it is wholly reflected ; if leſs obliquely, 
it is in a great meaſure tranſmitted. Now it is not to 


be imagined that Light at one Degree of Obliqui 


ſhould meet with Pores enough in the Ait to tranſmit 


the greater Part of it, and at another Degree of Obli- 


quity ſhould meet with nothing but Parts to reflect it 


_ Wholly ; eſpecially conſidering, that in its Paſſage out of 


Air into Glaſs, how oblique ſoever be its Incidence, it 
finds Pores enough in the Glaſs to tranſmit a great Part 
of it. a | 

11. If any Man ſuppoſe that it is not refleQed by the 
Air, but by the outmoſt ſuperficial Parts of the Glaſs, 
there is {till the ſame Difficulty ; beſides that ſuch a 
Suppoſition is unintelligible, will alſo appear to be 
falſe by applying Water behind ſome Part of the Glaſs 
inſtead of Air: For fo in a convenient Obliquity of the 
Rays, as of 45 or 46 Degrees (at which they are all re- 


flected where the Air is adjacent to the Glaſs), they ſhall 


be in a great meaſure tranſmitted whete the Water is ad- 
jacent to it; which argues that their Reflection or Tranſ- 


miſſion depends on the Conſtitution of the Air and Water 
behind the Glaſs, and not on the Striking of the Rays on 
k 


the Parts of the Glaſs, | 
12. Thirdly, If the Colours made by a Priſm placed 
at the Entrance of a Beam of Light into a darken'd 


Room 
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and reflected. In the Center of the Lens, 
where it touches the Glaſs, it will be tranſ- 
mitted, 


Room be ſucceſſively caſt upon a ſecond Priſm placed at 
a greater Diſtance from the former, in ſuch a manner 
that they are all alike incident upon it (as they will be 
when trajected through the Holes G and g in the two 
Boards mention'd in Art. 15. of the laſt Note), the ſe- 
cond Priſm, may be ſo inclined to the ineident Rays, that 
thoſe which are of a Blue Colour ſhall be all — k 
it, and yet thoſe of a Red Colour pretty copiouſly - 
mitted. Now if the Reflection be cauſed by the Parts 
of Air or Glaſs, I would aſk why, at the ſame wang. 7 
of Incidence, the Blue ſhould wholly impinge on thoſe 
Parts ſo as to be all reflected, and yet the Red find Pores 
enough to be in a a meaſure tranſmitted ? | 
13. Fourthly, Where two Glaſſes touch one another, 
there is no ſenſible Reflection (as will be ſhewn Annot. 
CXXI. 7.) yet I ſee no Reaſon why the Rays ſhould 
not impinge on the Parts of Glaſs as much. when con- 
tiguous to other Glaſs, as when contiguous to Air. 
14. Fifthly, When the Top of a Water-Bubble (as 
will be ſhewn Annot. CXXI. 24.) by the continual ſub- 


- ſiding and exhaling of the Water, grows very thin, there 


is ſuch a little and almoſt inſenſible Quantity of Light 
reflected back from it, that it appears intenſely black; 
whereas round about the black Spot, where the Water is 
thicker, the Reflection is ſo ſtrong as to make the Water 
ſeem very white. Nor is it only at the leaſt Thickneſs 
of thin Plates or Bubbles that there is no manifeſt Re- 
flection, but at many other Thickneſſes continually 
greater and greater. And yet in the Superficies of the 
thinned Body, where it is of any one Thickneſs, and the 
Rays are tranſmitted, there are as many Parts for. them 
to impinge on, as where it is of any other Thickneſs 
where the Rays are reflected. | 
15. Sixthly, If Reflection wers cauſed by the Parts 
of Reflecting Bodies, it would be impoſſible for thin 
Plates or Bubbles at one and the ſame Place to refle the 
Rays of one Colour, and tranſmit thoſe of another, as 
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mitted, and ſo cauſe a dart Spot to appear: 


At a ſmall Diſtance from thence, all around, 
| 5 the 


is known by Experiment they do: For it is not to be 


imagined, that at one Place the Rays, which, for In- 
ſtance, exhibit a Blue Colour, ſhould have the Fortune 
to daſh upon the Parts, and thoſe which exhibit a Red 
to hit upon the Pores of the Body; and then at another 
Place, where the Body is a little thicker or a little thin- 


ner, that (on the contrary) the Blue ſhould hit upon its 


Peres, and the Red upon its Parts, | 

16. Seventhly, and laſtly, Were the Rays of Light 
reflected by impinging on the ſolid Parts of Bodies, their 
Reflections from poliſhed Bodies could not be ſo regular 
as they are : For in poliſhing Glaſs with Sand, Putty, 
or Tripoli, it is not to be imagined that thoſe Sub- 


ſtances can, by grating and fretting the Glaſs, _ | 
| 


all its leaſt Particles to an accurate Poliſh, ſo that a 

their Surfaces ſhall be truly plain or truly ſpherical, and 
look all the fame Way, ſo as together to compoſe one 
even Surface. The ſmaller the Particles of thoſe Sub- 
ſtances are, the ſmaller will be the Scratches by which 
they continually fret and wear away the Glaſs until it be 
poliſh'd ; but be they never ſo ſmall, they can wear away 
the Glaſs no otherwiſe than by grating and ſcratching it, 
and breaking the Protuberances, and therefore poliſh it 
no otherwiſe than by bringing its Roughneſs to a very fine 
Grain, ſo that the Scratches and Frettings of the Sur- 
face become too fmall to be viſible : And therefore if 
Light were reflected by impinging on the ſolid Parts of 
Glaſs, it would be ſcattered as much by the moſt poliſhed 
Glaſs as by the rougheſt. So then it remains a Problem, 


How Glaſs poliſhed by fretting Subſtances can reflect 


Light fo regularly as it does ? | 
17. And this Problem is ſcarce otherwiſe to be ſolved 
than by ſaying, That the Reflection of the Ray is effeficd 
not by a fingle Point of the reflecting Body, but by ſome 
Power of the Body which is evenly diffuſed over all its Sur- 
face, and by which it ads upon the Ray, without imme- 
diate Contact. For that the Parts of Bodies do act 2 
ight 
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the Light will be refleded in various- 
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colour'd Rings: In the next Diſtance it 


will 


Light at a Diſtance, has been already obſerved, and may 
be ſeen more at large in the Third Part of our Author's 
admirable Treatiſe of Optics, | 

18. Now (continues Sir {ſaac) if Light be reflected, 
not by impinging on the ſolid Parts of Bodies, but by 
ſome other Principle, it is probable that as many of its 
Rays as impinge on the ſolid Parts of Bodies are not 


reflected, but ſtifled and loſt in the Bodies; for other- - 


wiſe we muſt allow two Sorts of Reflections. Should 
all the Rays be reflected which impinge on the internal 
Parts of clear Water or Cryſtal, thoſe Subſtances would 
rather have a cloudy Colour than a clear Tranſpa- 
rency. 

4 Concerning this Power by which Light is re- 
flected and refracted, Sir //aac underſtands it to be of 
an attractive and repulſive Nature; for he reaſons thus: 
Since Metals diſſolved in Acids attract but a ſmall Quan- 
tity of the Acid, their attractive Force can reach to but 
a {mall Diſtance from them. And as in Algebra, where 
Affirmative Quantities vaniſh and ceaſe, there Negative 
ones begin; ſo in Mechanics, where Attraction ceaſes, 
there a repulſive Virtue ought to take place. 

20, And that there is ſuch a Virtue ſeems to follow, 
(1.) From the Reflections and. Inflections of Light, as 
before obſerved. (2.) From the Emiſſion of Light; 
the Ray, ſo ſoon as it is ſhaken off from the ſhining 
Body by the vibrating Motion of the Parts of the Body, 
and gets beyond the Reach of Attraction, being driven 
away with exceeding great Velocity. For that Force 
which is ſufficient to turn it back in Reflection may be 
ſufficient to emit it. (3.) It ſeems alſo to follow fram 
the Production of Air and Vapours ; the Particles when 
they are ſhaken off from Bodies by Heat or Fermenta- 
tion, ſo ſoon as they are beyond the Reach of the At- 
traction of the Body, receding from it, and from one 
another, with great Strength, and keeping at a diſtance, 
lo as ſometimes to take up a Million of times more 
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tion of Rays, and to the attractive Power the A 


and ealy Tranſmiſſion to be eſteemed a mere Hypotheſis, 


/ Liehr and Cototirs- 
will be tranſmitted, and in the text to thit 
reflected; and fo on alternately to a eonſide- 
rable Diſtance from the central Spot. If we 
take the Diſtances as the Numbers G, 1, 2, 
3, 4, 5» 6, 7, 8, 9, 10, Sc. then at the Di- 
ſtance o, 2, 4, 6, 8, 10, Sc. the Light will be 
tranſmitted; and at the Diſtances 1, 3, 5, 5; 
9, Sc. it will be reflected in coloured Rings: 
And this alternate Diſpoſition of Light to be 
reflected and tranſmitted, Sir 1/aac Newton 


calls the Fits of eaſy Reflection, and Fits of 


eaſy Tranſmiſſion. (CXXI.) 
As 


2 than they did before in the Form of a denſe 
ody. 3,44 ; 
21. To this repulſive Power he aſcribes the Reflec- 


tion; as has been before deſcribed. But how the Light 
is partly reflected and partly refracted at the Surfaces of 
Bodies, and what Phenomena do thence ariſe, we ſhall 
ſhew from the ſame illuſtrious Author in the following 
Annotation. , 

(CXXI.) 1. Concerning the particular Manner in 
which Light is reflected from natural Bodies, whether it 
be a repulſive Power before it arrives at the Surface, or 
by an undulating Virtue every where diffuſed over the 
Surface, and cauſing a Reflection by the riſing Wave, and 
a Tranſmiſſion by the ſubſiding Wave; or laſtly, whe- 
ther the Reflection be occaſioned by the Vibrations of the 
Parts of Bodies, or the Mediums next the reflecting or 
refracting Surfaces, it will not be worth while here to 
ſpend time in examining, ſince Sir Jade Newton has 
confeſſed himſelf unable to determine the Modus agrndi 
which Nature makes uſe of in this Affair. 

2. Nor is his Doctrine of the Fits of eaſy Reflection 
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__ Of Licnr and Colouks. 


As Light, falling upon this thin Plate 
of Air between the Glaſſes, is variouſly diſ- 
— 


or ſo much clagg d with Suppeſitions, as to be diſſonant 
from that Simplicity, Uniformity, and Regularity, with 
which Nature is every where obſerved to act; fince no- 
thing can be more certain than that Light is at one 
Diſtance reflected, at another refracted, and that this is 
by a continual Alternation at excetding ſmall Intervals 
through the Subſtance of various Media or Bodies; and 
the Experiments which he made were many, and moſt 
convincing Proofs of the Thing. 3 

3. And his Vibrations in the Parts of Bodies, and 
the elaſtic Medium which every where ſarrounds them, 
ariſing from thence, is very conſonant to the Proceſs of 
Nature, in propagating Sounds by the Undulations of 
the Air, ariſing from the Vibration of the Parts of Bo- 
dies agitated by Percuſſion. Nature in each Caſe ſeems 
very conſiſtent with herſelf, and to act with a wonderful 
Uniformity, and equal Simplicity. Nor can I ſee any 
Reaſon to hope for (much leſs to. promiſe) a Solution 
of this Phænomenon from the ambigeneous Principle 
of Attraction, whoſe Action is well known to be always 
the ſame to a certain Diſtance or Limit one Way, and 
beyond that as conſtantly the reverſe; ſuch a Circum- 
ſtance little favours the Prediction of an eaſy and ſimple 
Sow, See Rewning's Compendious Syſtem, Part III. 

ag. 167. 

5 I mall therefore proceed to give an Idea of one of 
the moſt beautiful, delicate and important Diſcoveries 
that was ever made ; and that as nearly as may be after 
the| Manner, and in the Words of the Author, by the 
Experiments which he made, and his Obſervations and 
Reaſonings thereupon. 

5. The firſt Experiment he mentions is the Com- 
preſſion of two Priſms hard together, whoſe Sides were 
a little convex, by which Means they touched by a 
ſmall Part of their Surfaces, and contain'd -every where 
elſe a thin Plate of Air, as it may be properly call'd, 
whoſe Thickneſs did every where gradually increaſe 
Vol, II. Z from 
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from the touching Parts. He obſerved the Place where 


or dark Spot, by reaſon that little or no ſenſible Light P 
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poſed to be refleFed or tranſmitted, accord- N 
ing to the ſeveral Degrees of Thickneſs; | - 
e | ſo 


had there been one continued Piece of Glaſs. | 

6. For when the Light fell ſo obliquely on the Plate 
of Air between the Priſms as to be all reflected, it ſeem'd Ic 
in that Place of Contact to be wholly tranſmitted, inſo- < 
much that when looked upon, it appeared like a black t 


S 
they touched became abſolutely traniparent, as if they he 
I 
o 


was reflected from thence, as from other Places. 

7. When he looked through the Priſms, this Place of 
Contact ſeemed (as it were) a Hole in the Plate of Air, 
and through this Hole Objects that were beyond might 
be ſeen diſtinctly, which could not be ſeen through other 
Parts of the Glaſſes where the Air was interjacent. By 
harder Compreſſion, the Spot was dilated by the yielding 


inwardis of the Parts of the Glaſſes. 


8. When the Plate of Air, by turning the Priſms about 
their common Axis, became ſo little inclined to the inci- 
dent Rays, that ſome of them began to be tranſmitted, 


Plate there aroſe in it many ſlender colour'd Arches, which 
xXXVIII. t firſt were ſhaped almoſt like the Conchoid, as in Fig. 1. 
Fig. x, and by continuing the Motion of the Priſms, theſe Arches 
F 8. ** increaſed and bended more and more about the faid 


tranſparent Spot, till they were completed into Circles or 
Rings encompaſſing it; and afterwards continually grew 
more and more contracted. 

9. T heſe Arches and Rings became tinged with va- 
rious Colours, as the Motion of the Priſms was conti- 
nued, being at firſt of a Violet and Blue; afterwards of a 
White, Blue, Violet ; Black, Red, Orange, Yellow, White, th 
Blue, Violet, &c. After this, the colour'd Rings con- P. 


tracted, and became only black and white : The Priſms Sc 

being farther moved about, the Colours all began to 3 

emerge out of the Whiteneſs, and in a contrary Order to 

what they had before. * 
10. But to obſerve more nicely the Order of the 5 


Colours which aroſe out of the white Circles, as the 
Rays became leſs and leſs inclined to the Plate of ** 
ir 


Of Lion and Corouns. | 339 


ſo when it falls on the Surface of natural 
Bodies, it is as variouſly reflected from the 
Pores 


— 


Sir Iſaac Newton made uſe of two Object-Glaſſes, one 
« Plano-Convex, and the other a Double-Convex 
- of the ſame Sphericity on both Sides, of 51 Foot focal 
Diſtance ; and upon this he laid the plane Side of the 
other, prefling them ſlowly together to make the Co- 
Jours ſucceſſively emerge in the Middle of the Circles, 
and then ſlowly lifted the upper Glaſs from the lower, 
- make them ſucceſſively vaniſh again in the fame 

ace. 

11. Upon Compreſſion of the Glaſſes, various Colours 
| would emerge and ſpread into concentric Circles or Rings 
of different Breadths and Tints encompaſling the central 
Spot. Their Form, when the Glaſſes were moſt com- 
preſſed, is delineated in the 2d Figure, where a is the pia te 
central black Spot, and the Circuits of Colours from 


XXXV1I1I. 
thence outwards. as follows. 


Fig. 2. 
Violet „ Purple. 

F b, Blue. h, N 1 Pie. 

4 5 ty White, 2, Blue. m, Blue. 


2.7 h, Green, 3.5 n, Green. 
4 Yellow. 2 Yellow. 1 Yellow, 


7 
\ 
. 6, Red. 4, Red. þ, Red. 
95 Green, 8 Greeniſh Blue. 
Anne. 3" t, Red. 
6 15 Greeniſh Blue. 0 y, Greeniſh Blue, 
' 2 x, Pale Red. 72, Reddiſh White. 

12. To determine the Thickneſs of the Plate of Air, 
where each of the Colours was produced, he meaſured 
. the Diameter of the firſt ſix Rings at the moſt lucid 
* Part of their Otbits, and ſquaring them found thoſe 
Squares to be in the Arithmetical Progreſſion of the odd 


« Numbers, 1, 3, 5, 75% 11; and ſince one of thoſe 
- Glaſſes was plane, and the other ſpherical, their Inter- 
| vals at thoſe Rings muſt be in the ſame Progreſſion. 
1 Alſo he meaſured the Diameters of the dark or faint 


Rings between the more lucid Colours, and found their 
5 2 2 Squares 


% 
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Pores of Air of different "Thickneſles in 
thoſe Bodies; and according to the diffe- 


rent 


Squares to be in the Arithmetical Progreſſion of the even 
| Numbers 2, 4; 6, 8, 10, 12. - 3 5 
Plate 13. All this follows from the Nature of the Circle; 
XXXVIII. for let the Circle EF G be the Section of the Sphere 
Fig. 3. whoſe Convexity is equal to that of the Double-Con- 
| vex above-mentioned, and the Line AB a Section of the 
plane Surface of the Plano-Convex touching the other 

in the Point D; then ſuppoſing D e, Df, the Semi- 

- diameters of two Rings, the T hickneſs of the Air be- 
tween the Glaſſes at thoſe Rings will be e c and /d, 

which are equal to D a and D b, reſpectively. If there- 

tore, as uſual, we put DC = 4, v2 2 . DBX. 


1 


ac =(De=)y, and ö d = (DF =) ; then by the 


, 
4 KX X x = * X. But when 4 or D 2 is 
very great with reſpect to x and $ A or D 4 D 3, then 
— = 1 nearly; conſequently, in the preſent Caſe 


Y :Y*::x:X 5; or the Squares of the Semidiameters 
of the Rings De, D / are as the Intervals ec, fd, or 
Thickneſſes of the Plates of Air in thoſe Places; and 
therefore the Squares of the whole Diameters are in the 
ſame Ratio, Heb Ih 1 7 

14. Sir Jſaac meaſured the Diameter or the 5th dark 
Circle (ſuppoſe 2 D/) and found it equal to + of an 
Inch ; but then viewing it through a Glaſs 4 of an Inch 
thick, and nearly in the Perpendicular, it muſt by Re- 
fraction appear diminiſhed nearly in the Proportion of 
79 to 80; ſo that, As 78: 80 :: J: - =2D f the rea 
Diameter between the Glaſſes. Whence D f = = 
and in this Experiment D G = 182 Inches, * * 
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rent Texture of Bodies, and Magnitude of 


34¹ 


the Particles of Light, it will be either 


tranſmitted 


DG: 57 V :: bf: Db = fd; or, in Numbers, 

.” 100 F | | 

As 182:— :: - or = FA; and 
567931 1774784 | 


7 5 
ſince the Ticket of the Air at the 5th Ring is to 
that at the firſt as 10 to 2, or 5 to 1, (by Art. 12.) 
therefore + of ß Pc Inch, for 


1774784 88739 
the Thickneſs of the Air at the firſt dark Ring. . 


— — — 
* 


} 


15. By another Object-Glaſs (of a Sphere whoſe Dia- 
meter DG = 184 Inches) he found the Dimenſion or 


I 


Thickneſs of Air at the ſame dark Circle to be 38883 
88850 


Part of an Inch: But the Eye in both theſe Obſerva- 
tions was not quite perpendicularly over the Glaſs, and 
the Rays were inclined to the Glaſs in an Angle of 4 
Degrees ; therefore (as per next Article) bad the Rays 
been perpendicular to the Glaſſes, the Thickneſs of the 
Air at theſe Rings would have been leſs, and that in 
Proportion of the Radius 10000 to the Secant of 4 De- 
grees 10024. The Thickneſſes found diminiſhed in this 


* NE. I 'I ; 
Ratio will be 88952 and 80583 or in the neareſt round 


1 +. i 
Nee Part of an Inch. Now half of this, viz. 


1 f 5 
778000 is the Thickneſs of the firſt colour'd Ring ; 
Ne A by W 778000 178000? 178000) 


&c, — zz Cc. th 
ws Pas 178000? 178000? * 178000 es he een 


Thick neſſes at the ſeveral dark Rings. 

16. The Rings were obſerved to be leaſt when the 
Eye was held perpendicularly over the Glaſſes in the 
Axis of the Rings; and when wy were viewed oblique- 
ly, they became bigger continually, ſwelling as the Eye 

Z3 | was 
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tranſmitted wholly or in Part; and that 
which is reflected will be all of one Sort of 
Rays, 


was removed farther from the Axis. And by meaſur-. 
ing the Diameters of the ſame Circle at ſeveral Obliqui- 
ties of the Eye, and by ſome other Methods, Sir Iſaac 
found its Diameter, and conſequently the Thickneſs of 
the Air at its Periphery in all thoſe Obliquities, to be 
very nearly in the Proportions expreſſed in the followin 
Table; where the firſt Column expreſſes the Angles d 
Incidence which the Rays af Light make with the Per- 
pendicular in the Glaſs'; the ſecond Column expreſſes 
the Angle of Refraction into the Plate of Air; the third 
Column ſhews the Diameter of any coloured Ring at 
thoſe Obliquities expreſſed in Parts, of which ten conſti- 
tute the Diameter when the Rays are perpendicular; 
and the fourth Column ſhews the Thickneſs of the Air 
at the Periphery of that Ring expreſſed in Parts, of which 
the Diameter conſiſts of ten alſo when the Rays are per- 


pendicular. | 
* | 5 
17.) Angle of In- Angle or Re- Diameter \ 1 hickneſs 
cidence on thr) fi ation into of the of the 
Plate of Air.\thePl.of dir.] Ring. | Air. 
Deg. Min. | Deg. Min. 
CO O©O ' OO ©O IO j 10 
o6 26 10 oo 1047 10S 
| 12 45 20 oo 104 104 
18 49 30 oo 104 114 
24 30 40 oo 11% 13 | 
29 37 50 oo | 124 I;t 
33 58 bo oo 14 20 
35 47 | 65 oo | 15 23 
37 19 70 00 | 16+ 28 
38 33 5 00. | 194 37 
39 27 © O00 227 $24 
40 oo Bo oo 29 Sarr 
| 40 11 {| go oo 35 „ 


18, By looking through the two contiguous Object- 
Glaffes or Priſms it was "obſerved that the Rings of 
Colours appeared as well by tranſmitted as by reflefted 
Light, 
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Rays, or of ſeveral Sorts promiſcuoufly and 
unegually, or of all Sorts equally. Whence 
ic 


Light. The central Spot now became white and tranſ- ht 
parent. The Order of the Colours was Yellowiſh Red; FR 
Black, Violet, Blue, White, Nell, Red; Violet, Blue, 

Green, Yellow, Red, &c. as they are written in the 4th Plate 
Figure below, thoſe above being the Colours by Reflec- XXXVIII. 
tion; AB and CD being the Surfaces of the Glaſſes Fig. 4. 
contiguous at E, with Lines between ſhewing the Inter- 
vals or T hickneſſes of Air in Arithmetical Progreſſion. 
Where comparing the Colours, you obſerve that White 
is oppoſite to Black, Red to Blue, Yellow to Violet, 
Green to Red, c. in reflected and refracted Light: But 
the Colours by refracted Light were very faint and di- 
lated, except when viewed very obliquely, for then they 
became pretty vivid. \ / 

19. By wetting the Glaſſes round their Edges, the 
Water crept in {lowly between them, and the Circles 
thereby became leſs, and the Colours more faint, Their 
Diameters being meaſured were, found in Proportion to 
thoſe of the Rings made in Air as 7 to 8, and therefore 
the Thickneſs of Air at like Circles as 7 Xx 7 = 49, to 
8 x 8 = 64, or as 3 to 4 very nearly, which is the Ratio 
of the Sines of Incidence and Refraction out of Water into 
Air. And this perhaps (fays Sir [/aac) may be a general 
Rulefor any other Medium interceding the Glafles more 
or leſs denſe than Water. 

20. The coloured Rings made in Air became much 
more diſtinct, and viſible to a far greater Number, when 
viewed in a dark Room by the Reflection of the colour'd_ 
Light of the Priſm. The Rings made by Reflection 
of Red Light were manifeſtly bigger than thoſe made 
by the Blue and Violet; and it was very pleaſant to fee 
them gradually {well and contract according as the 
Colour of the Light was changed. The Motion was 
quickeſt in the Red, and loweſt in the Violet; and b 
an Eſtimation made of the Diameters of the Rings, the 
Thickneſſes of Air in the Places where the Rings are 
made by the Limits of the ſeven Colours, Red, Orange, 
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it will follow, (1.) If the Light be wholly 


tranſmitted, the Body will appear Bach, 
- ; which 


Yellow, Green, Blue, Indigo, Violet, ſi ucceſſivel y in Order, 
were to one another as the Cube Roots of the Squares 


of the 8 Lengths of a Chord which ſound the Notes 


of an Oave, that is, of the Numbers 1, 3, 4, 2, 2, 4 

SB. 
_y . Theſe Rings were not of various, Colours, as thoſe 
made in the open Air, but appeared all over of that Priſ- 
matic. Colour only with which it was illumin'd ; and by 
throwing the colour'd Light directly on the Glaſſes, that 
which fell on the dark Spaces between the Rings was 
tranſmitted through the Glaſſes without any Variation 
of Colour. This appeared by placing a white Paper be- 
hind, on which the Rings were painted of the ſame Co- 
lour as thoſe by reflected Light, and of the Bigneſs of their 
immediate Spaces. 

22. Hence the Origin of theſe Rings is manifeſt; 
namely, that the Air between the Glaſſes, according to its 
various Thickneſs, is diſpoſed in ſome Places to reflect, 


in others to tranſmit the Light of any one Colour; and 


Plate 
XXXVIII. 


Fig. 5. 


in the ſame Place to reflect that of one Colour, where it 
tranſmits that of another; in the Manner as you ſee 
repreſented in the 5th Figure: Where AB, CD, are 
the (Glaſſes, as before; and a, c, e, g, i, h n, p, the 
Parts of the Beam tranſmitted ; and 6, d, f, b, kh, m, » 
25 Parts of the Beam reflected, making the colour'd 
ings. | ; | 
123+ be 1. of the Diameters of theſe Rings 
made by any Priſmatic Colour, and conſequently the 
Thickneſſes of the Air at each, were in Arithmetical 
Progreſſion, as in the Rings of common Light; and 
the Dimenſion of the Rings made by yellow Light the 
ſame as ſpecified in Article 14, Theſe Obſervations 
were made with, a rarer thin Medium terminated by a 


- denſer, viz. Air and Water between Glaſſes. In thoſe 


which folluw are ſet down the Phæuomena of a denſer 
Medium thinn'd within a rater, as Plates of Muſcovy 
7's e | * Glaſs, 


Of LicnuT and Corovss, 


which is the Abſence of all colour'd Li oht, 
(2.) If the Light reflected from the Bodies be 
| all 


* Bubbles of Water, Sc. bounded on all Sides with 
ir. 

24. In the Experiment made with a Bubble of Seap- 

Water covered by clear Glaſs, and expoſed to the white 
Light of the Sky, it was obſerved, that as the Bubble 
grew thinner by the continual ſubfiding of the Water, it 
exhibited Rings of Colours ſlowly diluting, till they over- 
ſpread the whole Bubble, and vaniſhed at the Bottom 
ucceſhively. The Bubble was black at Top, and this 
central Spot was ſurrounded with Rings of the ſame 
Colours, and in the fame Order as thoſe of Airin Art. 11. 
but much more extended and lively. | 

25. As the Thickneſs of the aqueous Shell diminiſhed, 
the Colours of the ſeveral Rings by Dilation were ſuc- 
ceeded by, others in Order from the Red to the Purple. 
Thus the Red of the ſecond Ring from the Top (or 
ſixth from the Bottom) was at firſt a fair and lively 
Scarlet, then became of a brighter Colour, being very 
pure and briſk, and the beſt of all the Reds. Then after 
followed a lively Orange, which was ſucceeded by the beſt 
of Yellows, which ſoon changed into a greeniſh Yellow, 
and then into a greeniſh Blue. Afterwards a very good 
Blue, of an azure Tint, appeared ; which was ſucceeded 
by an intenſe and deep Violet. And fo it happened in 
all the other Orders of Colours, only not in fo regular 
and perfect a Manner, the Colours in them being more 
compounded and leſs diſtinct. | 
26. Theſe Rings of Colours, viewed in various Poſi- 
tions of the Eye, were found to' dilate according as 


the Obliquity of the Eye increaſed, but not ſo much as 


thoſe of Ait in Art. 16. For by the Table, Art. 1. 


it appears they expanded to a Part where the Thick- 


neſs of the Air was to that where they appeared when 
viewed perpendicularly, as 1224 to 10, or more than 
12 to 1; whereas Sir Tſaac found, by meaſuring the 
Thickneſs of the Bubble at the ſeveral Rings, as they 
appear at the ſeveral Degrees of Obliquity mentioned 
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| Red by reflected Light looked Blue by refracted, and 


- Priſm ſeveral Rings may be diſcovered between the 
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all of one Sort, that Body will appear all of 


one Colour, which will be moſt ſimple and 


| intenſely 


in the Table below, that the greateſt was to ſthe leaſt 


only as 151 to 10; which Increaſe is but about a 24th 
Part of the former in Air. 

27. The Angles of Incidence on the Water, and the 
Refraction into the Water, are ſhewn in the two firſt 
Columns, and in the third the Thickneſſes of the aqueous 
Shell correſponding thereto. 


| Uncidence on Refraction in-\Thiokneſs of | 
| tbe Water. | to the Water. | the Shell. 
Deg. Min. | Deg. Min. 
CO 00 CO 00 IO 
Is OO 11 41 104 
| 39 00 22 Ol 10+ 
45 0 32 O2 114 
60 oo 40 30 13 
1 46 25 147 
| go 0 48 35 155 | 


28. The Sines of theſe Angles out of Water into 
Air are aſſumed as 3 to 4; and Sir {/aac has collected 
| * 1 that the Thickneſs of the 
Plate of Air or Shell of Water, requiſite to exhibit one and 
the ſame Colour at ſeueral Obliquities of the Eye, is pro- 
portional to the Secant of an Angle whoſe Sine is the firſt 
of 106 mean Proportionals between the Sines of Incidence 
and Refraction. 
29. As in Art. 18. ſo here the Bubble by tranſmitted 
Light appeared of a contrary Colour to which it 
exhibited by Reflection: Thus that Part which looked 


the Part which was Blue by reflected Light was Red 
by Rays tranſmitted. Theſe Rings appear much more 
numerous, and more dilated, when viewed through a 
Priſm than tof the, naked Eye; and by Means "of the 
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intenſely deep. (3.) If the Rays are pro- 


miſcuouſly reflected, but one Sort more 
by than 


- com or in the Bubble when none appear to the bare 
ye. 
2 The colour'd Rings now deſcribed appear alſo 
in thin Pieces of Muſcovy Glaſs; which when they were 
wetted on the Side oppoſite to the Eye exhibited ſtill 
the ſame Colours, but more languid and faint. Whence, 
and by Art. 19. it evidently appears, that the Thick- 
neſs of a Plate requiſite to produce any Colour depends 
only on the Denſity of the Plate, and not on that of 
the ambient Medium. And upon the whole, if the 
Plate be denſer than the ambient Medium, it exhibits 
more briſk and lively Colours than that which is ſo much 
rarer. N ' 
31. The Colours which ariſe on poliſh'd Steel being 
heated are of the ſame Kind with thoſe in the Rings of 
the Bubble, emerging one after another from Red to 
Blue or Purple ſucceſſiyely; and like the others will 
change in being view'd at different Obliquities of the 
Eye, but not in ſo great a Degree. 

32. That we may be able to ſhew how the Colours 
in the ſeveral Rings are produced, we ſhall a little il- 
luſtrate Sir Iſaac's * for that Purpoſe. In order 


to this, Let there be taken, in any Right Line Y H, Plate 
the Lengths YA, VB, YC, YD, YL, YF, Y G, XXXIX. 
Y H, in -Proportion to each other as the Cube Roots Fig. 1. 


of the Squares of the Numbers 2, 5 3, 2, 3, 8 5 15 
that 1s, in the Proportion of the Numbers 6300, 6814, 
7 14 7631, 8255, 8855, 9243, 10000. See Ar- 
cle 20. | 

33. In the Points A, B, C, D, E, F, G, H, erect 
the Perpendiculars A a, B , Cc, &c. by whoſe Inter- 
vals the Extent of the Colours wrought by them will 
be repreſented. For if at the Thickneſs Y A the Violet 
Colour begins, and the Indigo at B, the Extent A B 
will repreſent the Breadth of the Violet; and fo of the 


reſt. 
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and ſo on. 
37. And the Thickneſſes at which the intermediate 


Hl and H be the like Limits for the extreme Red, 


2 I 
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than the reſt, the Body will 1 of the 


„ but it 


Colour proper to that Sort of 
| will 


* 


34. Then let the Line Aa be divided into equal Parts, 
and number'd as in the Figure to 43; and through 
thoſe Diviſions from Y draw the Lines 11, 2 K, 3 L, 
5 M, 6N, 7 O, Sc. Then will the Parts A 2, A 6, 


A 10, A 14, Cc. be in Proportion to the odd Numbers 


IT, 3, 5, 7, 9, 11, Cc. or as the Thickneſſes of the Air at 
the ſeveral Rings. See Art. 12. | | 
35. Therefore ſince A 2 repreſents the Thickneſs of 
any thin tranſparent Body, at which the Violet of the firſt 
Order or Ring is moſt copiouſly refleQed ; then will 
HK repreſent its Thickneſs where the Red of that 
Order is moſt copiouſly reflected: Becauſe, in the ſimilar 
Triangles AY2, and HY K, we have YA: YH ;; 
A2:HK. ButY A and YH are as the Thickneſſes 
of the Plate of Air at theſe Colours, and therefore aiſo 
A2andHK. See Art. 22. V 
36. Again; becauſe (by Art. 12.) A 6 is the Thick- 
nets where the Violet ot the 2d Ring is moſt copiouſly 
reflected, and (by Art. 20.) the Ratio of the Thickneis 
of the Air where Violet and Red are reflected is the ſame 
as of YA to VH; therefore ſince YA: YH::A6: 
HN, the Line HN will repreſent the Thickneſs of 
the Plate where the Red of the ſecond Order is reflected 
moſt copiouſly. Thus alſo A 10 and H Q will repre- 
ſent the ſame for the Violet and Red of the third Order, 


Colours will be reflected moſt copiouſly will be defined 
by the Diſtance of the Line A H from the intermediate 


Parts of the Line 2 K, 6 N, 10 Q, &c. againſt which 
the Names of the Colours are written; which is eaſy to 
underſtand, _ | * 


38. But farther to define the Latitude or Breadth of 


dhe Colours in each Ring, let A 1 denote the leaſt 
Thickneſs, and A 3 the greateſt, at which the extreme, 


Violet in the firſt Series or Ring is reflected; then ſhall 
and 


Of Liehr and Cotouns, 


will be not ſo pure and ſtrong as before. 
(4.) If three or four Sorts of Rays are 
promiſ- 


and the intermediate Colours will be limited by the in- 
termediate Parts of the Lines 11 and 3 L, againſt which 
the Names of thoſe Colours ſtand; and ſo on. Note, 
The ſame Latitude is aſſig ned to every Series of Colours, 
AHL 3, S MO 7, 9 PR II, &c. becauſe the Diffe- 
rence of the Breadths of the Rings in the Plates of 
Air and Water were inſenſible to the Eye in the Expe- 
nment. 8 n KN 
39. From hence it is eaſy to obſetve, that the Spaces 
AI IH, 35 ML, 79 P O, Sc. are thoſe at which 
the Rays are tranſmitted, and the dark Circles appear. 


And therefore we may know from this Scheme what 


Colour muſt be exhibited - (in the open Air) at any 
Thickneſs of a tranſparent thin Body: For if a Ruler 
be applied parallel to A H, at the Diſtance from it by 
which the Thickneſs of the Body is repreſented, the 
alternate Spaces 11 L 3, 5 MO 7, &c. which it croſſes, 
will denote the reflected original Colours, of which the 
Colour exhibited in the open Air is compounded, 

40. Thus, for Example, if it be required to find 
what is the Conſtitution or component Colours of the 
Green of the third Order or Series, apply the Ruler as 
you ſee at r 5? 4 ty, (parallel to A H) and by its Paſſage 
through ſome of the Blue at s, and Yellow at «, as well 


as through the Green at f, __ may conclude that the 


Green, exhibited at that Thickneſs of the =P is prin- 


cipally conſtituted of original Green, with a 
ſome Blue and Yellow. | | bo 

41. By this Means alſo you may know how the Co- 
tours from the Centre of the Rings outward: ought: to 
ſucceed in the Order as they have been deſcribed in Art. 
11. For if you move the Ruler gradually from. A H 
through all the Diſtances, having paſs'd over the - firſt 
Space A 1, which denotes little or no Reflection to be 


ixture of 


* 


made by thinneſt Subſtances, it will firſt arrive at 1 the 


Violet, and then _ at the Blue and Green, which 
together with the Violet compound Blue; and then at 
| g the 


34 
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promiſcuouſly reflected more than the reſt, 
the Colour of the Body will be Mixed or 
. Compound, 


the Vellow and Red, by whoſe farther Addition that 
Blue is converted into Whiterieſs, which continues 
during the Tranſit of the Ruler from I to 3; and after 
that, by the ſucceſſive Deficience of its component Co- 
lours, turns firſt to compound Yellow, and that to Red, 
which ceaſes at L. Thus are the Colours of the firſt 
Series generated. _ 

42. Then begin the Colours of the ſecond Series, 
which ſucceed in Order during the Tranſit of the Edge 
of the Ruler from 5 to O, and are more lively than 


before, becauſe more expanded and ſevered. And here, 


becauſe the Ruler arrives to and paſles over the Point 7 


before it comes to M, there cannot be a Reflection of 


all the Colours at the ſame time, and therefore no 
Whiteneſs between the Blue and Yellow, as before ; 
but there will be a Reflection of original Green, with 
Yellow and Orange on one Side, and Blue and Indigo 
on the other, which together make a compound Green, 
The Violet will here firſt appear at 5, before it comes to 
be reflected with Indigo and Blue. 

43. So the Colours of the third Series happen in Or- 
der; firſt the Violet at 9, which as it interferes with the 
Red of the ſecond Order is thereby inclined to a reddiſh 
Purple. Then the Blue and Green, which here are leſs 
mixed with other Colours, and conſequently are more 
lively than before, eſpecially the Green. Then follows 
the Yellow, ſome of which towards the Green is diſtinct 
and good, but that Part towards the porting Red, as 
alſo that Red, is mixed with the Violet and Blue of the 
fourth Order ; whereby various Degrees of Red, very 
much inclining to Purple, are compounded. 

44. Hence the Violet and Blue, which ſhould ſuc- 
ceed and begin the fourth Series, being mixed with and 
hidden in the Red of the third Order, there ſucceeds 
a Green, which at firſt is much inclined to Blue, but 
ſoon becomes a good Green, being the only unmixed 


and lively Colour of this fourth Order: For as it verges 
towards 
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Compound, inclining to the Tint of the 
moſt predominant Colour. (5.) When all 

c Sorts 


towards the Yellow, it begins to interfere with the Co- 


lours of the fifth Series, by whoſe Mixture the ſucceed= 
ing Yellow and Red are very much diluted and made 
dirty, eſpecially the Yellow, which being the weaker 
Colour is ſcarce able to ſhew itſelf; ſo chat this Order 
conſiſts of Green and Red only. 

45. After this, by paſſing the Edge of the Ruler 
along parallel to A H, it will cut the Colours ef the 
fecond, third, and fourth Series at once; which will 
ſhew thoſe Colours become more and more intermixed, 
till after three or four more Revolutions (in which the 
Red and Blue predominate by turns, making the fifth, 
ſixth, and ſeventh Rings) all Sorts of Colours are in all 
Places pretty equally mixed, and compound an even 
Whiteneſs. Thus the Line « y pafling through the Red 
of the 7th Series, the Yellow and Green of the Bth, 
the Blue of the gth, and the Purple of the 1oth, ſhews 
Whiteneſs at the "Thickneſs of A x or H 4 muſt neceſſa- 
rily reſult from the Mixture of ſo many original Co- 


lours. 


46. Since (by Art. 20, 21.) the Rays of one Colour 


are tranſmirted where thoſe of another Colour are re- 
flected, the Reaſon of the coloured Rings made by tranſ- 
mitted Light is from hence manifeſt ; becauſe what has 
been ſaid with reſpect to the Colours made by Reflection 
from the Spaces 1 L, 5 O, R, &c. is equally applica- 
ble to account for the Colours made by Refraction 
through the Spaces AI, 3 M, 7 P, 118. Cc. 5 
47. Not only the Order and Species, but alſo the pre- 
ciſe Thickneſs of the Plate at which any of thoſe Co- 
lours are exhibited in Parts of an Inch, may be obtain'd 
as follows. Since (by Art. 14, 15, and 23.) we have 
the Thickneſs of the Plate where Yellow Light is re- 
flected already meaſured, viz. FI = x57 Fm = 
tribes) Fn = 
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T5 =>» F 0 2 ESD) Co and ſince 
TT;555 = 0,0000056, or 56 Parts of Ten Million of 3 


en Inch ; if the Scale of equal Parts be conſtructed ſuch Fig. 2. 
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2 


Sage ef Rays $76, equally rededed for 


Bodies, thoſe Bodies appear white, or of 


= 
* 


4 4 


of which F / = 56, it is plain any other Thickneſs of 
Air may be immediately meaſured thereon by means of 
2 Pair ef Compaſſes, or by a parallel Ruler. Thus G 10 
= ©,0009254 3; A 2 = 0,0000040; HK 0,0000065 z 
A6 = 0,0000119; HN = 0,0000194. And thus any 
other Thickneſs for any propoſed: Colour or Series is evi- 


almoſt by InſpeCtioh to the Ten Millionth Part of an 
nen. | . ob 
| 48. Since by Art. 19. it appears that the Thickneſſes 
of Air and Water, exhibiting the -fams, Colour, are as 
4 tor 3; if the Thickneſſes in Air are known for the 
ſeveral Rings, you'll have the Thickneſs of the Bubble 
of courſe where the ſeveral Colours appear; and thus 
the Table in Art. 27. was made. Alſo hence the Thick- 
neſſes of thin Plates of Glaſs producing the Rings of 
Colours will be known, being to. thoſe of Air as 20 to 
31, viz. in the Proportion of the Sines of Incidence 
to Refraction out of Glaſs into Air for Yellow. Light; 
and the Difference of the Proportion of the Sines for 
the other Rays is not conſiderable. a 
49- Thele are the Meaſures nearly, which Sir Iſaac 
has expreſs'd in the following Table, where the Num- 
bers are ſo many Millionth Parts of an Inch for the 
Thickneſſes of the Plates of Air, Water, and Glaſs, 
which exhibit the various Colours of the ſeveral Or- 
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the Colour of the Sun's Light. (6.) Where 
there is no Light at all incident on Bodies, 


thoſe 
Air. Vater. Glaſs 
8 | iolet, 118 8 27 
| I Indigo, 128 9% B8rr 
. moe I4 „ 
| reen, 1 97 
Of the Second Order. Vellow, 167 121 10 
Oran 175 13 115 
Bright 18% 133 115 


Scarlet, | 193 144 124 3 


| Indigo, 2270 1 145 

| Blue, 233 175 168 
Of the Third Order. 4 Green, 25% 188 164 
. 3255 Vellow, 275 20% 19% 
Red, 29 214 185 
55 * CBlueiſh Red, 32 24 20+ 


* KI Green, 5 26% 233 
Of the Fourth Order, to 2 205 | 301 26 


Of the Fifth Order. 3 46 345 297 


Red, 324 399 34 
F Greeniſh Blue, 583 46; 8 
Of the Sixth Order. | Red, ' 65 484 42 


0 Greeniſh Blue, 71 534 452 


50. Theſe are the principal Phænomena of thin Plates 
or Bubbles, which follow from the Properties of Light 
by a mathematical Way of Reaſoning; whence. it fol- 
lows, that the colorific Diſpoſition of Rays is connate 
with them, and immutable, there being always a con- 


ſtant Relation between Colours and the Retrangibility 


and Reflexibility of the Rays. In this reſpect the Sci- 


ence of Colours becomes a Speculation as truly Mathe- 
matical as any other Part of Optics; and conſiſts of two 4, 


Vol. II. Aa Parts, 
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| Green, Blue, or 
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thoſe Bodies can have no Colour, which 


is a Property of the Rays of Light only, 


CXXII.) 
( LET 


Parts ; ofie Theoretical, which delivers the Properties of 
Light, and the Principles ba which the various Phæno- 
mena of Colours depend: This Part we have hitherto 
been treating of: The other is Practical, and conſiſts in 
applying theſe Principles to account for the permanent 
Colours of Natural Bodies; to which we ſhall now pro- 
ceed in the following Note. 

(CXXII.) 1. As I here intend to deliver the whole 
Newtonian Doctrine of Colours, it will be neceſſary to 
begin and proceed with the Definitions and Precautions 
which Sir Jaac Newton himſelf has made uſe of, and 
which are as follow. Bn; 

2. His general Poſition is, That if the Sun's Light 
conſiſted but of one Sort of Rays, there would be but one 
Colour in the whole World; nor would it be poſſible to pro- 
duce any new Colour by Reflections and n and 
by Gonfequence that the Variety of Colours 
Comb err 
Subject of the foregoing Annotatirns on the Properties 
and Phznomena of Light by Reflection and Refraction. 

3. His Definition of Light is as follows: The Light 
whoſe Rays are all alike refrangible he calls Simple, 
Homogenzal, and Similar; and that whoſe Rays are 
tome more refrangible than others he calls Compound, 
Hettrogeneal, and Diſſimilar. | 

4. The Colours of Homogeneal Lights he calls Pri- 
mary, Homogeneal, and Simple; and thoſe of Heterogeneal 
Lights he calls. Heterogeneal and Compound, becauſe theſe 
are all "compounded of the Colours of Homogeneal 
Lights ; as hath been in part already, and will be farther 
ſhewn inthe Sequel of this Annotation. | 

5. The Homogeneal Lights and Rays which appear 
Red, or rather make Objects appear ſo, he calls Rubriſit 
or Red-making Rays; thoſe which give Objects a Yellow, 

Vale Colour, he calls * 
| q rYeeu- 
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epends upon the . 
in of Light. All which is evident from the 
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LET BNF G be a ſpherical Drop of Plate 
falling Rain, and AN a Ray of the Sun * 
falling 
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Green-making, Blue-making, Violet-making Rays; and 
ſo of the reſt. And therefore whenever he ſpeaks of 
Light and Rays as coloured, or endued with Colours, he 
would be underſtood to ſpeak not philotophically and pro- 
perly, but groſsly, and according to the vulgar Notion of 
common People. 

6. For the Rays, to ſpeak properly, are not colour'd ; 
in them there is nothing but a certain Diſpoſition and 
Power to excite a Senſation of this or that Colour. For 
as Sound in a Bell or muſical String is nothing but a 
tremulous Motion, and in theAir nothing but that Motion 
propagated from the Object in aerial Undulations; and 
in the Senſorium tis a Senſe of Motion under the Notion 
of Sound: So Colours in the Object are nothing but a 
Diſpoſition to reflect this or that Sort of Rays more 
copiouſly than the reſt; in the Rays they are nothing but 
their Diſpoſition to propagate this or that Motion to the 
Senſorium by the Optic Nerve; and in the Senſorium 
they are Senſations or Ideas of thoſe Motions under the 
Forms or Notions = Colours. 5 1 4 

Every Ray of Light in its through any re- 
fading Surface is — ns a e bv Conftira. 
tion or State, which in the Progreſs of the Ray returns 
at equal Intervals, and diſpoſes the Ray at every Return 
to be eaſily tranſmitted through the next refracting Sur- 
face, and between the Returns to be eaſily reflected by it. 
This is manifeſt from Art. 21. 22. of the laſt Note. 
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F Theſe Returns of the Diſpoſition of any Ray to be re- 

* fleQed he calls its Fits of eaſy Reflection, and thoſe of its 

W Diſpoſition to be tranſmitted its Fits of eaſy Tranſmiſſion 3 
t and the Space it paſſes between every Return he calls the 

Interval of the Fits. 

ir 8. This Alternation of its Fits depends on both the * 
fi Surfaces of every thin Plate or Particle, becauſe it dex 

55 pends on its Thickneſs; and alſo becauſe, if either Sur- 


tace be wetted, the Colours cauſed both by Reflection 
and Refraction grow faint, which ſhews it ts be affected 
. FE Aa 2 at 
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falling upon it in the Point N, which Ray 
ſuppoſe refracted to F, from thence re- 
OL | flected 


at both. It is therefore performed at the ſecond Surface, 
for if it were performed at the firſt, it could not depend 
on the ſecond; and it is influenced by ſome Action or 
Diſpoſition propagated from the firſt to the ſecond, be- 
cauſe otherwiſe at the ſecond it could not depend on the 
firſt, | 


9. This Action or Diſpoſition, in its Propagation, 


intermits and returns at different Intervals in different 
Sorts of Rays, emerging in equal Angles out of any re- 


fracting Surface into the ſame Medium. Thus in the 
Experiment of Art. 20. and 21. of the laſt Annotation, 
*us plain, the Violet Ray being in a Fit of eaſy Tranſmiſ- 
ſion at its Incidence on the Plate of Air, was again in 
that Fit at the fartheſt Surface, in paſſing through a leſs 
Space than that which the Red paſs'd through in the 
Interval of its Fits ; for thoſe Spaces were as the Thick- 
neſſes of the Glaſſes, and conſequently the Intervals of 
theſe Fits were as the Numbers 63, 68, 71, 76, 824, 
884, 9285 100, for the Rays reſpectively from Violet to 
Red. See Art. 32. of the laſt Annotation. © 

10. Hence when a Ray of Light falls upon the Sur- 
face of a Body, if it be in a Fit of eaſy Reflection, it ſhall 
be reflected; if in a Fit of eaſy Tranſmiſſion, it ſhall be 
tranſmitted: and thus all thick tranſparent Subſtances 
are found to reflect one Part of the Light which is inci- 
dent upon them, and to refract the reſt. i 

11. The leaſt Parts of almoſt all Natural Bodies are 
in ſome meaſure tranſparent. This is well known to 
thoſe who are converſant in Experiments with the com- 


mon and ſolar Microſcopes: As alſo by the Solution of 


denſe and opake Bodies in Menſtruums; for then their 
Particles being ſo minutely divided become tranſparent. 
And therefore, conſidering the inconceivable Smallneſs 
of the Particles of Light, even in Compariſon of the 
ſmalleſt Parts of Natural Bodies, we may conceive them 
as always incident on the Surface of tranſparent Sub- 
ſtances.. - 5 


4 +» 5 | 12. I 
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flected to G, and there again refracted in 


the Direction GR to the Eye of a Spear» 


tor ; 


12. J have obſerved (briefly) before, that thoſe Super- 
ficies of tranſparent Bodies reflect the greateſt Quantity 
of Light, which have the greateſt refracting Power. 
Thus Glaſs produces a total Reflection of Light, at a leſs 
Angle of Incidence on the Air than Water; for in Gla 
that Angle is but 40? 10% but in Water it is 48? 35". 
Thus alfo Diamond, whoſe refractive Power to that of 
(laſs is as 34 to 26 nearly, is found to reflect a much 
greater r Bo Light than Glaſs. 

12. Hence 'tis obvious, there can be no Reflection at 


357 


the Confines of equally rennving Mediums. For let Plate 


H I be a ſingle Ray of 


t paſſing out of a denſer Me- XXXIX. 


h 
dium A C into a rarer DE in this Caſe there will be a Fig. 3. 


certain Limit or Angle of Incidence HIK, in which the 
Ray will be reflected into 1 G. If the Medium AC be 
ſuppoſed to have its Denſity decreaſing, then the Limit 


or Angle HI K wilt be continually increaſing; or, which 


is all one, the Ray H 1 muſt have a greater Obliquity 
than HIK that it may be reflected. Therefore when 
the Denſity of the Medium A C becomes equal to that 
of DE, the Angle HI K will become equal to DIK; 
and ſo no Ray inclined to the Perpendicular K I can in 
that Cafe poffibly be reflected. 70 
14. Hence the Reaſon why uniform pellucid Mediums, 
as Water, Glaſs, Cryſtal, &c. have no ſenſible Reflection 
but in their external Superficies, where they are adja- 
cent to other Mediums of different Denſities, is becauſe 
all their continuous Parts have one and the fame Degree 
of Denſity, <0 
15. Hence alſo it is, that ſince in common Sub- 
ſtances there are many Spaces, Pores, or Interſtices, 
either empty or repleniſhed with Mediums of other 
Denſities, various Reflections muſt be made in the Con- 
fines of theſe differently refracting Mediums; and thus 
the Bodies become variouſly coloured and opake in 
different Degrees. As for Example, Water between 
the tinging Corpuſcles wherewith Liquor is —_— 
Aa 3 nated ; 
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Plates were found to do in Articles 16. and 25. of the 
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tor; and let I G be perpendicular to the 
Point G: Then will the Beam by its Re- 
fraction at G, be ſeparated into its ſe- 

"2D veral 


nated ; Air between the aqueous Globules which con- 
ſtitute the Clouds or Miſt ; and Water, Air, and per- 
haps other ſubtil Media between the Parts of ſolid Bodies, 
give them their proper Colours and Degrees of Opacity, 
by a confuſed and promiſcuous Reflection and Refraction 


of Light. 


16. The Parts of Bodies and their Interſtices muſt 
not be leſs than of ſome definite Bigneſs to render them 
opake and colour d: For, as was ſaid before, the opakeſt 
Bodies, if their Parts be ſufficiently attenuated by Solu- 
tion, become tranſparent. Thus the Top of the Water- 
Bubble being very thin made no ſenſible Reflection, 
and therefore exhibited no Colours ; but, tranſmitting 
the Light, appeared black. Hence it is that Water, 
Salt, Glaſs, ET Sc. having their Parts and Inter- 
ſtices too ſmall to cauſe Reflections, become tranſpaxent 
and colcurleſs. | 

17. The tranſparent Parts of Bodies, according to 
their ſeveral Sizes, reflect Rays of one Colour, and 
tranſmit thoſe: of another, on the ſame Grounds that 
thin Plates or Bubbles did the ſame; and this is un- 


doubtedly the Ground and Reafon of all their Colour. 


For if ſuch a thin Plate ſhould. be broke into ſeveral 
Fragments, or lit into Threads of the fame Thickneſs, 
they would all appear of the ſame Colour; and by con- 
ſequence, an Heap of thoſe Threads or Fragments 
would conſtitute a Maſs or Powder of the ſame Colour 
the Plate exhibited before it was broken; and the Parts 
of all Natural Bodies, being like ſo many Fragments 


ol a Plate, muſt on the ſame Grounds exhibit the ſame 


Colours. 

18. And that they do ſo will appear by the Affinity 
of their Properties. Ihe finely 8 Feathers of 
ſome Birds, as of Peacocks ails, do in the very ſame 
Part of the Feather appear of ſeveral Colours in ſeveral 
Pofitions of the Eye, in the ſame Manner that thin 


laſt 


Of Liour and Corours, 
veral Sorts of Rays, which will paint their 
reſpective Colours in that Part of the Drop; 
| of 
laſt Annotation ; and therefore their Colours ariſe from 
the thin tranſparent Parts of the Feathers, that is, from 
the Tenuity of the very fine Hairs or Capillamenta, which 
grow out of the Sides of the groſſer Parts or lateral 
ranches of thoſe Feathers. 1 
19. And hence it is, that the Webs of ſome Spiders 
being ſpun very fine have appeared coloured; and that 
the coloured F ws of ſome Silks, by varying the Poſitiqn 
of the Eye, do vary their Colours. „ 
20. Another Circuinſtanke in which they agree is, 
that the Colours of Silks, Cloaths, and other Yubfiance?, 
which Water or Oil can intimately penetrate, become 
more faint and obſcure by being immerſed into thoſe Li- 
quors, and recover their Vigour and Vivacity again b 
being dried, in the fame Manner as was obſerved of thi 
Bodies in Art. 19. and 30. of the laſt Annotation. 
21. A third Circumitance, in which Natural Bodies 
agree in their colorific Quality with thin Plates, is, that 
they reflect one Colour and tranſmit another. Thus 
Leaf-Gold looks yellow by reflected Light, and of a 
blueiſh Green by the tranſmitted Light. Alſo an Infu- 
ſion of Lignum Nephriticum reflects the Blue and Indigo 
Rays, and therefore by RefleCtion appears of a deep Ma- 
zarine Blue; whereas by refracted Light it appears of a 
deep Red. And the ſame Thing is obſervable in ſeveral 
Sorts of painted Glaſſes. W 4 
22. Again; as thin Plates and Bubbles exhibit dif- 
ferent 8 in different Thickneſſes, ſo the Parts of 
Natural Bodies are obſerved to undergo a Change of 
Colour in fome Degree from Trituration, and a Com- 
minution of their Parts. Thus fome Powders which 


Painters uſe, by being elaborately and nor ground, 
have their Colours a little changed. Thus Mercury by 
ty ſeyeral Chymical Operations has its Parts ſo altered as 
of to look Red in one Caſe, Yellow — another, — White 
ne in a third. Thus Copper in the Maſt appears Red, but 
ral _ Ang + 7 © © having 
in 
the | 
lalk . # 


360 


7 


07 Lichr and Colours. 


of which that next the Perpendicular I G 


will be Red, as being leaſt refrafted, and 
8 | 1 | the 


having its Parts attenuated by, Solution in acid Medi- 
ums, appears intenſely, Blue. Hence the Production and 
Changes of Colours by the various Mixture of tranſ- 
parent Liquors. Thus Clouds receive their different 
compound and beautiful Hues and Tints from the dif- 
fere . Sizes of the aqueous Globules of which they 
conſiſt. | \ 

23. The Sizes of the Particles of Bodies, on which 
their Colours depend, are - indicated by thoſe Colours: 
Thus, the leaſt Particles of Light exhibit the Violet 
Colour, and the leaſt Thickneſs of the Plate of Air or 
Water exhibited the ſame Colour in the ſeveral Rings. 
Again: The largeſt Particles of Light exhibit a Red 
Colour, and Red is produced by Reflection and Refrac- 
tion in the thickeſt Part of the Plate in each Ring; and 
the intermediate Colours, Blue, Green, Vellow, are pro- 


1 
2 


duced from Particles of a larger Size in Order. 


24. The Magnitude of the Particles of colour'd Bo- 
dies may be pretty nearly conjectur'd by the Colours 
they exhibit : For tis pretty certain they exhibit the ſame 
Cloud with the Plate of equal Thickneſs, provided 
they have the ſame refractive Denſity ; and fince their 
Parts ſeem for the moſt part to have much the ſame Den- 
fity with Water or Glaſs, as by many Circumſtances is 
obvious to collect, we need only have recourſe to the 


Table or Scale (in Art. 47. 48. 49. of the laſt Annota- 


ater or Glaſs exhi- 


tion), wi which the T hickneſs of 
biting the ſame Colour is ſhewn. "Apa 
25. Thus if it be deſired ta know the Diameter of 


2 Corpuſcle, which being of equal Denſity with Glass 


ſhall reflect Green of the third Order; then in the ſaid 


Table you fee under Glaſs, and oppoſite to Green of 


that Order, the Number 163, which ſhews the Cor- 


puſcle to be — 2 Parts of an Inch. But here the 
1000000 


Difficulty is to know, of what Order the Colour of any 


Body is: But for this. Purpoſe we may be aſſiſted by 


viewing 8 
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che reſt in Order above it. Now it is found 
by Computation, that the greateſt Angle 
| Se O, 


viewing the Scheme of the ſeveral Orders of Colours z 
and by laying the parallel Rule acroſs them ſeverally, 
you will obſerve thoſe which are leaſt compounded with 
others in every Order, and conſequently are moſt vivid 
and intenſe. 1 7 
26. Thus Scarlets and other Reds, Oranges, and Yel- 
lows, if they appear pure and intenſe, you may conclude 
they are of the Second Order. Good Greens may be of 
the Fourth Order, but the beſt are of the Third. Blues 
and Purples may be of the Second or Third Order, but 
the beſt and leaſt compounded are of the Third. JYhite- - 
neſs, if moſt intenſe and luminous, is that of the Firſt 
Order ; if leſs ſtrong and bright, it is that which arifes 
from the Mixture of the Colours of ſeveral Orders. 

27. The Reds therefore of Carmine, Cinnabar, Ver- 
milion, of ſome Roſes, Pinks, Peonies, Sc. are of the 
Second Order. The Green of all Vegetables is of the 
Third Order; Ultramarine is a Blue of the T hird Or- 
der, Biſe a Blue of the Second Order, and the Azure 
Colour of the Sky ſeems to be of the Firſt Order. Gold 
is a Yellow of the Second Order. The Whiteneſs of 
Paper, Linen, Froth, Snow, Silver, &c. is of the Firſt 
Order, Concerning all which ſee more in Sir {aac 
Newton's Optics, p. 230-237. 

28. It has been obſerved, (See Art. 41. of the laſt 
Annotation) that Whiteneſs ariſes from a promiſcuous Re- 
flection of all the Colours together; and this is proved by 
ſeveral Experiments. Thus the Colour of the Sun's Light 
is White inclining a little to Yellow, as being a Com- 
poſition of all 4 different colour'd Rays, among which 
the Yellow being the brighteſt is moſt predominant, 
Thus alſo the Rays when ſeparated by the Priſm, if re- 
ceived by a broad convex Lens of a large focal Diſ- 
tance, will all be thrown together in a ſmall roun 
Spot in the Focus, and appear of a white Colour. Thus 
allo a Powder compounded of Orpiment, Purple, > 


862 


Plate 
XXXIX. 


\ 


Liehr and Corouns. 


Se O, or E OP, (drawing OP parallel to 
SE) under which the moſt refrangible Rays 
(dC can 


and Verdigreaſe, in proper Proportion, appeared of a 
perfect Whitenefs in the Beams of the Sun. 
29. But the moſt curious Experiment for Proof of 
this is as follows. Let any circular Area be divided on 
its Periphery into ſuch Parts AB, BC, CD, DE, EF, 
FG, and GA, as are proportional to the Differences 
of the Lengths of the Mufical Strings in an Octave, or 
the Numbers 2, 7% J, +, 3, 8 5, 1; then ſtriking a Circle 


- abed a, g at a ſmall Diſtance from the Periphery, the 


* 


ſeveral Diviſions of this Aunulus or Ring are to be laid 
over with the primary Colours proper to each, that is, 
Red from A to B, Orange from B to C, and the reft 
in Order as they are wrote in the Figure. Then mak 
ing all the internal Space very black, let this Area with 
its painted Ring be whirl'd or ſpun round in the Manner 
of a Top, and the Ring will appear very white, eſpe- 
cially in the Sun- Beams: For in this Caſe all the Co- 
lours are blended together in the View, and mult there- 
fore exhibit Whiteneſs, | 

30. On the other hand, Blackneſs is the Abſence of all 
Colours ; for it was obſerved, that in the Middle or 
Centre of the Rings of Colours, both in the Plates of 
Air and Water, there was a black Spot, which was oc- 
caſioned by a Tranſmiſſion of all the Light in that Part, 
and conſequently by a total Deficiency of Colour. 

31. But this happened in that Part of the Plate of 
Air, and Water Bubble, where it was thinneſt ; and 
hence we are taught that the Corpuſcles of black Bo- 
dies are leſs than any of thoſe which exhibit Colours. 
Hence we ſee the Reaſon why Fire, and the more ſubti 
Diſſolver Putrefaction, by attenuating the Particles of 
Bodies, turn them black: Why a Razor, while ſetting, 
turns the Oil upon the Hone black : Why a ſmall Quan- 
tity of a black Subitance will tinge fo great a Quantit 
of any other fo intenſely : Why black Subſtances Toonelt 
of all others do become hot in the Sun's Light and 
burn: Why being ſoft, and ſtroked hard with the Hand, 

| they 
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can come to the Eye of a Spectator at O, is 
40 Deg. 7 Minutes; and that the greateſt 
F Angle 


they ſcintillate, or emit Sparks of Light in the dark: 
Why a black Cloth will, if wet, dry ſooner than 4 
white one: . Blacks are a little inclined to a 
1 Colour: With various ozher- Phznomena of this 
ind, RY 4 
32. From what has been ſaid, the Newtonian Method 
of compounding and decompounding Colours may be 
eaſily underſtood, if we only firſt premiſe, that the Co- 
lour reſulting from a Mixture of any primary Colours is 
an Effect in which each primary Colour has a Share in 
Proportion to its Quantity; therefore this compound 
Colour is analogous to the Common Centre of Gravity 
between two Powers acting againſt each other: For as 
this Centre of Gravity will always be neateft to the 
greateſt Power, ſo the fue of the-compound Colour will 
always approach neareft the Complexion of tha; primary 
Colour which was largeſt in the Mixture. | 
JF Therefore to know wat Colour will reſult from 
a Mixture of two Parts Yellow, and three Parts Blue; 
from the Middle of the Yellow Arch at H to the Middle 
of the Blue at I draw the Line HJ, and divide it into 
five equal Parts, three of which ſet from the Point H, 
or two from the Point I, will give the Point K, through 
which if you draw the Line NL, it will point out the 
Colour of the Mixture at L, which is Green; but be- 
cauſe the Point L is ſo much nearer the Blue than the 
Yellow, it will be a blueiſh Green. 
34. Again; If it be required to know what Colour 
the Mixture ſhall be of that has two Parts Yellow, 
three of Blue, and five of Red; then ſince we have 
already determined the Point K for the two firſt Quan- 
tities, which are ve Parts; alſo ſince there are five 
Parts of Red, if we draw the Line MK, and divide 
it into two equal Parts in P, and through P draw the 
Line NO, this, as it falls upon the Orange, but near 
the Red, ſhews the Compound will be of an Orange 
< x our 
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Angle F O P, under which the leaſt refran· 
gible Rays come to the Eye at O, is 42 Deg. 
22 g 2 Minutes, 


/ 


Colour inclining to Red, And thus you proceed in other 
ales. | | 
35. It muſt be farther obſerved, that the Colour will 
be leſs or more broken or imperfect as the Point of 


Interſection K or P falls nearer to or farther from the 


Circumference towards the Centre N, where White is 
repreſented : "That is, the farther the Point K is fitu- 
ated from L towards N, the leſs pure and intenſe, or 
the more broken and motley, the Green Colour will 


be, | ; 1 Ss 
356, Hence, if it be required to find (on the other 
hand) what Colours muſt be taken, and in what Quan- 
tity, to exhibit by their Mixture the broken blueiſh 
Green at K, let the Line HI be any how drawn through 
K, and it will ſhew that if you take ſuch Quantities of 
Yellow and Blue as are in, Proportion to I K and K L, 
they will when mixed produce the given Green at K. 
Alla the Line LN, paſſing through the ſame Point K, 
ſhews that a Quantity of pure Green and White, in the 
Proportion of NK, L K, will in the Mixture produce 
e ſame Green Tint at K as requires. 
37- What has been faid relates to Theory, and to 
the Colours of the Sun's Light; and therefore in Prac- 
tice we muſt not expect ſo great Accuracy on ſeveral 
Accounts ; as, (1.) Becauſe the Powders made uſe of 
in artificial Mixtures have different Powers of reflecting 
Light: Thus lighter Materials reflect more, and darker 


ones leſs; and therefore their Quantities muſt be in 


Proportion, (2.) Different Bodies, being mixed, ope- 


fate upon each other; and thereby, either by attenuat- 


ing the Parts, or by incraſſating them, produce Colours 


quite different from what we might expect from a Mix- 
ture of Bodies or Particles which do not affect or act 
one upon another. (3.) Becauſe all artificial Colours 
are in themſelves more or leſs compounded, and there- 
fore cannot produce the Effects of pure, tnmixed, and 
primary Colours. Vet notwithſtanding theſe Excep- 


tions, 


4 
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2 Minutes. And fo all the Particles of 
Water within the Difference of thoſe two 
| Angles 


tions, this Theory, when well conſidered and unders 
Rood, will be of the greateſt Service to Painters, 


38. Laſtly, I ſhall apply this Theory to explain and 
account for ſeveral other Phænomena of Colours. Thus 
in examining Mineral Waters, it is uſual, in order to diſ- 
cover whether the Salts contained in them are of an Acid, 


| Alcaline or Neutral Sort, to mix Syrup of Violets with 


them; becauſe then, if there be an wit it will change 
the Syrup Red by attenuating its Parts; ſo that if the 
Syrup be a Purple of the Third Order, the Acid will 
change it to a Red of the Second Order, the Particles 
which reflect that Colour being of the Size next leſs, 

39. Again: If an Alcali abound in the Water, the 
Mixture will turn Green; for the Alcali by ineraſſating 
the Particles will increaſe their Size to thoſe of the 
Green of the Third Order ; therefore the Syrup, and 
conſequently the Mixture, will appear of that Colour. 
But it there be neither an Acid nor an Alcali in the Wa- 
ter, it will neither turn Green nor Red, fo rs 
| Hence alſo it is, that when even the Fume or ſub- 
til 2 of a ſtrong Acid, as Aqua-fortis, reaches a 
Green Cloth, it changes to a Blue, becauſe That in the 
ſame Order reſults from the next leſs Size of Particles. 
If the Acid be dropped on the Cloth in Subſtance, it acts 

more violently in attenuating the Particles, . and thereb 

oduces a Yellow of the next preceding Order, wh 
Particles are leſs than the aforeſaid Blue. And after a 
like Manner may this Theory be extended, to account 
for other Phænomena of the ſame Kind. 
41. To conclude: Since any Object becomes viſible 
when it ſubtends an Angle of one Minute, and alſo be- 
cauſe * are diſtin ly viewed in the Focus of a 
Lens; therefore ſuppoſing the Focus of a Lens were 
Jo of an Inch, (as they have been made thus ſmall) it 
will be found by Calculation, that an Object in the 
Focus of ſuch a Lens ſubtending an Angle of one Mi- 
nute will be equal to 0,0000097 Parts of an Inch in 

- Length. 
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Angles E F will exhibit ſeverally the various 
Colours of the Priſm, and conſtitute the 
anterior Bow in the Cloud. 

Ir the Beam go not out of the Drop at 


G, but is reflected (a ſecond time) to H, 


and is there refracted in the Direction H 8, 
making the Angle SY A with the incident 
Ray AN, it will paint on the Part H the 
ſeveral Colours of Light, but in an inverſe 
Order to the former, and more faint, by 
reaſon of the Rays loſt by the ſecond Re- 
fleftion. It has been found alſo, that the 
leaſt Angle SGO, or GOP, under which 
the leaſt refrangible Rays_can come to the 
Eye at O, after two Reflections and two 
Refractions, is 50 Deg. 57 Minutes; and 


the leaſt Angle HOP, under which the 


moſt 


Length. Therefore the Diameter of a Particle leſs 
than the Diameter of any coloured Particle (except 
thoſe of the Firſt Order) will be viſible in the Focus of 
fuch a Lens: And therefore the Particles of all colour d 
Bodies would become viſible by ſuch a Lens, were it 
not that Particles equally thick appear of the ſame Co- 
jour, and afl fo very ſmall are tranſparent ; whence, 
though they are big enough to be vifible, yet we may 
wandt a Di ce of Colour, and fome other Means, ts 
render them diſtinct, and capable of being viewed ſe- 
arately from each other. Sir 1/aac Newton thinks the 
iſcovery of thoſe Corpuſcles by the Microſcope will 
be che utmoſt Improvement of this Science: For it 
ſeems impoſſtble to fee the more fecret and noble Works 
of Nature wichin the Corpufcles, by reafan of 'thetr 
'Tratifpareney. | ; f VR 
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Of Licur and Coloung, 
moſt refrangible Rays can come to the Eye 
in this Cale, is 54 Deg. 5 Minutes. Whence 
all the Colours of the exterior Bo will be 


is the Breadth of this Bow, viz. 3 Deg. 
10 Minutes ; whereas the Breadth of the 
other, viz. EF, is but 1 Deg. 45 Minutes, 
and the Diſtance between the Bows, vix. 
FG, is 8 Deg. 55 Minutes. And ſuch 
would be the Meaſures of the Bows, were 
the Sun but a Point; but ſince his Body 
ſubtends an Angle of half a Degree, it is 
evident, by ſo much each Bow will be in- 


creaſed, and their Diſtance diminiſhed. 


(CXXIII.) 
HALo's 


(CXXIN.) 1. Having explained the Doctrine of the 
different Wi! of the Rays of Light, and the 
Theory of Colours conſequent thereupon, it will now be 
eaſy to explain and underſtand the Natural Cauſe of the 
Rainbow, which is wholly owing to the abovemention'd 
Property of Light. For though it was, by long Obſer- 
vation, known to proceed from the Sun's ſhining upon 
the falling Drops of Rain; and even before Sir Jaac 
Newton's Time it was diſcovered to be the Effect of the 
Sun's Light ſeveral times refracted and reflected in the 
aqueous Globules; firſt of all by Antonius de Dominis, 
Archbiſhop of Spalato, in a Book publiſhed in the Year 
1611, and after him by Deſcartes ; yet no one could 
ever account for the Diverſity of Colours, and their in- 
verſe Order in the two Bows, or give a direct Method of 
Calculation, before Sir Iſaac Netten. ha 

2. To apprehend rightly the different Affections of 
this remarkable Phænomenon, we muſt attend to the 
following Particulars. Fir/?, That though each Bow 

| be 

; | 


formed in the Drops from G to H, which 
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Of Licnut and Colours, 


Hai.o's are formed by Rays of Light 
coming to the Eye after two Refractions 
| through 


be occaſioned by the refracted and reflected Light of the 


Sun falling on the Drops of Rain, yet neither of them is 


Plate 
es 
If. 2. 


produced by any Rays falling on any Part of the Drop 
indifferently, but by thoſe only which fall on · the Surface 
of the Drop BLG in or about the Point N; as the 
Ray AN; thoſe which fall nearer to B, or farther to- 
wards L, being unconcerned in this Production. 

3. Secondly, The internal Bow is produced by two 


Refractions and one Reflection. The firſt Refraction is 
of the incident Rays extremely near A N, by which they 


Pr. XL. 


Fig. 1. 


proceed from N to one common Point or Focus at F, 
from whence — are reflected to G, and are there a 
ſecond time refracted towards R, and produce the various 
Colours of the faid Bow. | 

4. Thirdly, There is a Neceſſity that ſeveral Rays 
ſhould be refracted together to the Point F, that being 
reflected together from thence to G they may there go 
out parallel, and fo come in Quantity ſufficient to excite 
the Senſation of Colours in a ftrong and lively Manner. 
Now thoſe Rays, and thoſe only which are incident on 
the Globule about the Point N, can do this, as will ap- 

from what follows : For, 

5. Fourthly, The Point F makes the Arch QF a 

AHaximum, or the Diſtance Q F from the Axis of the 


Drop SQ is. greater than any other Diſtance from 


whence any other Rays nearer to the Axis, as S D, 
S E, or farther from it, as SH, Sl, are reflected; be- 
cauſe thoſe which are nearer after the firſt Refraction 


tend to Points in the Axis produced more remote than 


that to which the Ray SN tends; and therefore as 
their Diſtance from the Axis increaſes, ſo likewiſe will 
the Diſtances of their Points of Reflection QP, QO, 
till the Ray becomes 8 N; after which the Rays more 
remote from the Axis, as S H, S I, are refracted towards 


the Points X Y, which are nearer and nearer to the 


Axis; and this occaſions the Points of Reflection =» 


— 
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through Drops of Rain, or ſpherical Hail- 
tones; which Light ought to be ſtrongeſt 


at 


the fartheſt Side of the Drop to decreaſe again from F 
towards Q. 1 
| 6. [F"i{thly, Hence it will neceſſarily happen, that 
| ſome Rays above and below the Ray S N will fall upon 
the ſame Point as O or P, on the fertheſt Side; and for 
that Reaton they will be ſo reflected from thence as to go 
out of the Drop by Refraction parallel to each other. 


) Thus let S E below, and 8 H above the Ray SN be 
6 refracted both to one Point O; from hence they will 
be reflected to M and L, and will there emerge parallel, 


tis true, but alone; being diveſted of their interme- 
diate Rays 8 N, vhich going to a different Point F will 
be reflected in a different Direction to G, and emerge 
on one Side, and not between thoſe Rays, as when they 
were incident on the Drop. All which is evident from 
the Figure. 

7. Sixthly, As this will be the Caſe of all the Rays 
which are not indefinitely near to S N, it is plain, that 
being deprived of the intermediate Rays, their Denſity 
will be fo far diminithed, as to render them ineffectual 
for exciting the Senſation of Colours; and they are 
therefore called [nefficacious Rays, in Contra-diſtinction 
to thoſe which enter the Drop ncar 8 N, and which, 

having the ſame Point F of Reflection are not ſcatter'd 
like the others, but emerge together at G, fo as to con- 
ſtitute a Beam G R of the ſ.me Denſity with the inci- 
dent Beam S N, and therefore capable of exhibiting a 
vivid Appearance of Colours, and for this Reaſon are 
called Effcacious Rays. 

8. Tneſe Things premiſed, we ſhall now ſhew the 
Mathematical Principles on which the Calculations re- 
lating to this Phanomenon depend, according to Dr. 
Halley's moſt elegant aud ealy Conſtructions a little ex- 
plained and facilitated by Dr. Horgau, late Biſhop of 
Ely. Let 8 N, $n, be two of tac etticacious Rays in- 
cident upon a Drop of Rain; theſe when refracted to 
the fame Point F, and thence reflected to G, g, will 
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Fig. 2. 


Fig. 3. 


like Manner you proceed to 


Of Licut and Col ouns. 


at the Diſtance of about 26 Degrees from 
the Sun or Moon, or ſomewhat leſs, if the 
{ſaid 


have the Parts within the Drop on one Side, NF, 
F, equal to thoſe on the other Side, FG, F g, from 
the Nature of the Circle and the Angles of Incidence 
CF N, CF x being equal to the Angles of Reflection 
CFG, CF g. Since the Parts within the Drop are 
equal and alike ſituated, they will alſo be ſo with it ; 
and therefore as the incident Rays 8 N, S n, are ſup- 
poſed parallel, the emergent Rays G R, g r, will be fo 
too 


9. From C the Center draw the Radii C N, C n, 
CF; then is CNF = CFN the Angle of RefraQtion, 
and the ſmall Arch Nu is the naſcent Increment of the 


Angle of Incidence BCN; and as it meaſures the Angie 


at the Center NC, it is double of the Angle at the 
Circumference N Fun, which is the naſcent Increment 
of the Angle of Refradlion NF C. | 

10. Again: Let the Ray SN enter the lower Part of 
the Drop, and be twice reflected within the Drop at F 
and G; then is the Ray NF = the Ray F G, and 
the Arch NF = to the Arch FG. Draw f g parallel 
to F G, and it will be the reflected Part of ſome Ray 5 n, 
whoſe Obliquity to the Drop is ſuch as obliges it to croſs 
the Ray N F in its Refraction, as it muſt do if it be a 
little more oblique than S N (by Art. 6.). Then alfo 
will the Part „F = fg, and the Arch nf = f g, and the 
ſmall Arch Ff = G g. 

11. Therefore, 2 FF=(Ff + G = the Arch 
FG — the Arch fg = the Arch NF — the Arch nf 


)) Nn -F /; conſequentyNn = 3Ff. That is, 


the naſcent Increment of the Angle of Incidence is equal 
to three times that of the Angle of Refraction. Aſter a 
| de that after 3, 4, 5, Cc. 
Reflections, the Increment of the Angle of Incidence will 
be 4, 5, 6, &c. times greater than that of the Angle of 
Refraction. 
12. Hence, in order to find the Angle of Incidence 
of an efficacious Ray, after any given Number of Re- 
flections, 


Of Lick and Colours. 


ſad Hail-ſtones be a little flatted, as often 
they are. Theſe Halo's, if the Hail be 
duly 


flections, we are to find an Angle whoſe naſcent Incre- 
ment has the ſame Ratio to the Increment of its cor- 


reſponding Angle of Refraction, generated in the ſame 


Time as the given Number of Keflections () increaſed 
by Unity has to Unity; that is, in the Ratio of 1 + 1 
to 1. Now thoſe Increments are as the ' angents 


of the reſpeive Angles directly; as is thus demon- 
ſtrated, 
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13. Let ACD, ABD, be the Angles of Incidence Pl. XL. 
and Refraction propoſed ; and if we ſuppoſe the Line Fig. 4+ 


A C to move about the Point A in the Plane of thoſe 
Angles, the Extremity thereof C will deſcribe the cir- 
cular Arch Cc; and when A C is arrived to the Situa- 
tion A c, the Line BD will be thereby removed into 
the Situation Bd, Draw cD; then is the Angle ACD 
=ABC+CAB, and the Angle Acd= ABC + 
c AB. Wherefore the Exceſs of A cd above A CD, 


or the Increment of A CD, is equal to both the Angles 


CBcandCAc. But ſince the Angle Ac C differs in- 
finitely little from a Right one, a Circle deſcribed on 
the Diameter A C ſhall paſs through the Points D and 
c; and therefore the Angles C Ac, CD c, (inſiſting on 
the ſame Arch Ce of the ſaid Circle) will be equal. 
Wherefore the Increment of the Angle A CD is equal 
to CBc + CDc = Ded. But the naſcent Angles 
Ded and D Bc are as their Sines, that is, as their op- 
polite Sides B D and D c = D C, becauſe of the Angle 
C De infinitely ſmall. But BD: CD :: DE: DA 
(the Line B E being parallel to A C) :: Tangent of the 
Angle (EB DS) ACD: Tangent of the Angle A BD. 
Therefore the Increment De 4 of the Angle ACD is 
to the Increment C Bc of the Angle A B D (generated 
in the fame Time) as the Tangent of the former to the 
Tangent of the latter directly. 

14. Hence, having given the Ratio of the Sine of 
Incidence I, to the Sine of Refraction R, we may find 
the Angles of Incidence and Refraction of an efficacious 

7 B b 2 Ray, 


Fig. 5. 


— 
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_ duly figur'd, will be colour'd, and muſt 


then appear red within by the leaſt re- 

| frangible 
Ray, after any given Number (n) of Reflections thus: 
In any Right Line A C, let there be taken AC: AD 
:: I: R; and again, AC: AE :: » + 1:1. Upon 
the Diameter E C deſcribe the Semicircle E B C; and 
on the Center A with the Radius AD deſcribe the Arch 
DB, interſecting the Circle in B. Draw A B and BC; 
then let fall the Perpendicular A F on CB continued out 


to F. Sothal AB F and ACF be the Angles of Inci- 


dence and Refraction required. 

15. For drawing B E parallel to AF, the Triangles 
ACFand ECB are ſimilar. Now the Sine of the 
Angle ABC or ABF is to the Sine of ACBas AC 


to AB = AD, that is, as I to R; therefore if AB F be 
the Angle of Incidence, A CF will be the Angle of 
Refraction. Moreover, the naſcent Increment of ABF 


is to that of A CB (generated in the fame Time) as 
CF to BF, (by Art. 13.) that is, as CA to AE, (by 


ſimilar Triangles) that is, as = ＋ 1 to 1 by Conſtruc- 


tion. The Katio therefore of the naſcent Increment of 


the Angle of Incidence A B F, to that of the Angle of 


Refraction A CB, is that which is required in the Angles 
of Incidence and Refraction of an efficacious Ray, after | 


a given Number of Reflections (in Art. 12.). Conſe- 


quently the Angles AB F and ACF are thoſe required, 


2, E. D. 


„ this Chiftradiion we eaſily deduce Sir 1ſaac 


Newton's Rule for finding the Angle of Incidence A BF 


in p. 148, 149. of his Optics, thus. We had AC: 


AB:: I: R, whence AC==xAB. Alſo CF: 


BF::n+1:1; therefore CF =%+ 1x BF, or 


(putting a +1 ==) CF n BF ; and becauſe of 
the Right Angle at F, it is AC*?—CF: = AB — 


BF 2, that is, AB. —m* FB: = A B* —BF*; 


and 


EE BJ Se B. us £00: of 


— 
* 
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frangible Rays, and glue without by the 
molt refrangible ones, | 


THz 
11 
and therefore * F B= FB. N AB? — A B-; 
| FB IRR 
and conſequently TrFEV — FF 


17. Hence, becauſe in the firſt Bow the Ray emerges 
after one Reflection, we have 1 =1, m=2, m* = 4, 
m* — 1 = 3; therefore I; RR: VII RR AE 
B F:: Radius: Co- Sine of the Angle of Incidence. In 
the ſecond Bow, where there are two Reflections, m* — 
1=8; whence / BRR:VV/II—RR:AB:BF. 
In the third Bow, after three Reflections, * —1= 15; 
and iõ RR: VI R RK AB: BF; and ſo on 
for any given Number of Reflections. 

18. To find the Values of I and R, it mult be re- 
membered, that the Ratio of the Sines of Incidence and 
Refraction was ſhewn to be conſtant (in Annot. XCVII. 
13.) and therefore their Exceſſes in divers Sorts of Me- 
diums are allo in a given Ratio. Thus it was ſhewn, 
that in the leaſt refrangible Rays I: R:: 50: 77, out 
of Claſs into Air; the exceſs of R above J is here 27. 
If the Refraction be made out of Kain-Water into Air, 
then it is I: R:: 3: 4 very nearly for the leaſt refran- 
doe Rays; the Exceſs here is 4 — Z=1. Wherefore 
ay, As 1: 27 :: 3:81 :: 4: 108. Whence it appears, 
that the Sines I and R out of Water into Air are as 81 
to 108, in the leaſt refrangible Rays: And if to the 
leſſer Sine you add the given Differences between thoſe 
Sines out of Glaſs into Air for all the other Sorts of 
Rays, viz. 27, 27, 27%, 277, 274, 27% 28; we ſhall 
have the ſeveral Values ot R for thoſe Rays, viz. 1087, 
1085, 1083, 1084, 1082, 1083, 109. | 

19. But ſince the Refraction here is not out of Wa- 
ter into Air, but the contrary, we ſhall have the Va- 
lues of I and R interchanged ; or they will ſtand for the 
ſeveral Sorts of Rays as below. 

B b 3 For 
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— 
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Of LicuT and Colours, 


TR Reaſon why there is always a de- 
terminate Angle for exhibiting the Bows, 
” , Or 


For the Red, i 2 
For the Orange, I : 
For the Yellow, I I: 
For the Green, I: 
For the Blue, I: R:; 108% : 81 Beg. 
For the Indigo, I: R;: 1083: 81 Beg, 
For the Violet, I : R:: 1085: 81 Beg. 
For Violet, I : R:: 109 ; 81 Extreme. 
20, Wherefore in the leaſt refrangible Rays, ſince Iz 
108, H = 11664; alſoR = 8x, and R R = 6561, and 
F -R 5103; V 3RR= 1494 and , E = K 
= 71,4. Therefore ſay, (by Art. 17.) 


:: 108 ; 81 Extreme. 
: ; 108} : 81 Beginning, 
: : 1084 : 81 Beg. 

:: 1083 : 81 Beg. 


* 


As V 3RR = 1403 2, 147045 
Is to II- RS 71,4 = 1,853913 
So is Radius = 9 oO = 10,000000 
To the Co-Sine of the 


Angle of Incidence 0 B A F r 300 37'= 9,706868 


21. Hence the Angle of Incidence A BF is 50 23% 
in the Red or leaſt refrangible Rays. Wherefore in the 
Drop of Rain whoſe Axis is 8 Q, if we make the Arch 
BN = 5e 23 we ſhall have 8 N the leaſt refrangible 
Ray. Having given the Angle of Incidence, and the 
Ratio of I to R, we have alſo given the Angle of Re- 
fraction: For ſay, n 


As I = 108 = 2, 033424 
Is to R = 81 = 1,908485 
So is the Sine of Incidence 5023 = 9,934798 


To the Sine of the Angle of Ref. 40% 12* = 9,809859 

22. Therefore, making the Angle CN F = 40? 12, 
NF will be the refracted Ray; which at F is reflected 
into F G, and at G emerges in G R. Produce the in- 
cident and emergent Rays SN and R G tilt they inter- 
ſect each other at X; and as CF biſets the Angle 
N F G, fo when produced it will biſect the Angle 8 1 K. 
| hen 


[3 
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or Halo's, is becauſe there is but one par- 
ticular Point N in all the Part of the Drop 


between. 


Then CFN = CXN+FNX, but FNX=CNG 
— CNF or CFN; therefors CFNS C XNA 
CNX CFN; that 1 is 2 CFN—CNX = -—þ 8 4, 
Or 80% 24—59? 2J— —21” oI'=C XN, therefore 
2 CXN =SXR =40* oz, which is the Meaſure of 
the Angle that the incident and emerging Rays, -which 
are the leaſt refrangible, contain with each other. 


23- If inſtead of the Ratio 108 to 81, we take that 
of 10g to 81, we ſhall find the Values of / 3RR and 


AK ſuch as will give the Angle of Incidence 
B CN, or the Arch BN = 58* 4o', and the Angle 
S XR Sr 40 17, which will be the Caſe for the moſt : 
2 or extreme Violet Rays. 
If the Ra we twice reflected, viz. at F and G, 
as 15 the Production of the exterior Bow, and emerges 
at H in the Direction H A interſecting the incident Ra 
S N in Y; then we may find the Angle AYS, which 
thoſe Rays contain with each other, thus. Produce. 
AH, till it meets G X produced in R; then in the Tri- 
angle HG R, the 1 Angle H 8 X = HR G+ 
G HR. But becauſe of equal Angles of Reflection at 
F and G, it is GHR=FGX; therefore HG X— 
FGX=HGF =HRG =2CGF or CNF. And 
(in Art. 22.) we had SXR = 4 CNF—2 CNX; | | 
therefore in the Triangle YXR we have the two inter- 1 
nal Angles RTX —=6CNF-2CNX = the external [i 
Angle at Y, viz. AYN. * if 
25. In this Caſe to find the Angles of Incidence and 
Refraction, we have 8 RR: HR:: Radius 
: the Co-Sine of the Angle of Incidence; whence the 
ſaid Angle of Incidence will be found 71* 5o'= CN X. 
And as 108 : 81 :: Sine of 71* 50': Sine of 45? * 


CNF the L Angle of Refraction; therefore 4.5% 27” N 6 
—2 X 71 5 50 = 129? 02 = AVN, and . its 


Complement A YS= 50® 58" the Angle required, for 
the leaſt refrangible Rays | 
Wi b + 26. But 
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A, they will be fufficient! ſeparate 
Eye ſingly, each Soit of Rays by themſelves alone. 


2 W 1 j 
we OELICHT an Colovss. 
between B and L, where the Rays AN can 


enter; ſo that after a ſecond Refraction at 


F for 


26. But for the moſt refrangible Rays, where I:R:; 
109: 81, we have the Angle of Incidence 719 20 and 
the Angle of Refraction 44 47; and therefore the 
Angle AYS = 54 10˙. After this Manner you pro- 
ceed to calculate the fame Angles after three, four, or 
more Reflections; but becauſe the Beam in being to cf- 
ten reflected Holes ſo many of its Rays, that the remain- 
ing refracted Part is in general too faint to excite the Idea 


of Colours, we pals it by, and proceed to apply what has 


been ſaid to account for the Phanomena of the Bows, 
which fo ſtrongly ſtrike the Eye; the principal whereof 
here follow. 

27. The Ji is, That each is variegated with all the 
+ Prijmatic Colors, This is a neceſſary Conſequence of 
the different Retrangibility of the Rays refracted and re- 
flected in Drops of falling Rain, Let A be ſuch a Drop, 
(SN a Ray entering it at N, which is refracted to F, 
from thence reflected to G, where, as it emerges, it in 
refracted into all the {cveral Sorts of Rays of which it is 
compoſed, viz. GR theleaſt (efradgible or Red- mating 
Ray, G O the Orange, GY the Yellow, G Githe Green, 
8 B the Blue, Gi the Indigo, and 2 the Violet or 
moſt refrangible Ray. ' 

28. Now we have ſhewn ( Art. 27, 23.) that the 
Angle S F K is to the Angle SF V as 42 02'to 40? 17 
the Difference whereof is the Angle VGR = 1 475 
Through this Angle all the original Rays are diffuſed; 


and though the Angle be ſmall, © yet at a great Diſtance 


it ſpreads to 2 conſide table AV üb; and therefore by 
coming from the Prop A to the 3 of a Spectator at 
and fall upon the 


Hence, were there only one Drep 4, the Eye at 
A would fee only one Colour in that Drop viz. the 
Red, by the leait retrangible Ray GR; the others, 
GO, Gy, Sc. being retracted above it, as is evident 
enough in in the Figure, "If now we ned this Drop to 
| n TR deſcend 
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F for Halo's, or Reflection at F and G for 
the Bous, there can enough go out toge- 


ther 


deſcend to the Situation B, then would the Orange- 

making Ray G O fall upon the Eye continuing in A, 

and then the Drop would exhibit an Orange Colour. If 

after this it ſnould fink down to C the Vellow- making 

Ray G Y would enter the Eye at A, and excite the Idea 

of Yellow in the Drop at G. And ſo continually, if we 

ſuppoſe the Drop to ſucceed to the ſeveral Situations D, 

E, F, G, the other more refrangible Rays G G, G B, 

Gl, GV, will fall upon the Eye ſucceſlively, and raiſe 

the Senſation of their proper Colours, Green, Blue, In- 

digo, and Violet when the Drop is at G. 

30. The Truth of this may be eaſily proved by Experi- 
ment, by ſuſpending a Glaſs Globe filled with Water in 
the N and viewing it in ſuch a Poſition that the 

Rays S N which fall upon it may emerge to the Eye at 

A, under the ſeveral Angles from SFR to SFV; 

which may be eaſily effected by letting the Globe de- 

ſcend from A to G by a String going over a Pulley. And 
this was the famous Experiment of Antonius de Dominis 
and Des Cartes, who by this means confirmed the Truth 
of their Doctrine of the Rainbow, which had been de- 
monſtrated mathematically. . The ſame "Thing may be 
alſo ſhewn, if the Globe be at reſt at 4, and the Eye be 
raiſed from R to V. . | 

31. If now, inſtead of depreſſing the Drop from 4 

to G, we ſuppoſe a Drop placed in each Point A, B, C, 

D, E, F, C; then theſe will ſeverally ſend an original 

Ray to the Eye, according to their Situations in reſpect 

of it. Thus the Drop in A will refract the Red-making 

Ray GR; the Drop B will refract the Orange Go; 

the Drop C the Yellow Gy; and fo the other Drops D, 

E, F, G, will by the Rays Gg, Gb, Gi, Gy, excite 

the ſeveral Colours, Green, Blue, Indigo, Violet, all at 

the ſame time ; and therefore all that Part of the Rain 
from A to G will appear variouſly coloured, as is repre- 
ſented in the Scheme, ; | 


31. Now 
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ther at G or H, to form a ſtrong and diſ- 
tint Image of the Sun; which Rays, 
\ therefore, 


31. Now let SP be a Line drawn through the Spec- 
tator's Eye at A, parallel to the Sun's Rays SN, and 
conceive the ſeveral Rays GR turning about the Line 
AP as an Axis, and always under the fame invariable 
Angle GRP); 'tis evident, the Extremity of each Ray 
would in the Cloud or Rain deſcribe a Circle which 
would be the Baſe of a Cone whoſe Axis is AP, and 
its Vertex A; and for the ſame Reaſon that the Drop 4 


. excites the Senſation of Red, every Drop in the Circle 


deſcribed by the Extremity of the Ray G R will excite 


the ſame Senſation ; thus will a red circular Arch A H 


be formed as far as the Rain extends. Next to that the 
Ray B A, by revolving, deſcribes the Arch of an Orange 
Colour, as BI; the Ray CA will in like manner trace 
out the Yellow Circumterence, as CK; and fo of all 
the reſt, as repreſented in the Figure. 

32. Hence the Second Phenomenon, viz. the circular 
Form, is accounted for; and alſo. the Third, which is 
the Breadth of the Bow; for that will be equal to the 
Angle ARG =RGV = 1* 45% where the Ray, as 
here, emerges after one Reflection. I heſe Particulars 
are repreſented more completely in the Figure, where 
BGD is the red Circumference formed by the Rotation 
of the Ray A G, that can firſt come to the Eye at A; 


and CgE is the Violet Arch formed by the leaſt re- 
frangible Ray g A; after which the Rays are all refracted 


below the Eye, And thus by the intermediate Rays and 
Colours the whole interior Bow is produced. 
33. The Fourth Phenomenon is the Appearance of Tee 


* Bows. This follows from hence, that after an efficacious 


Ray of Light S N, entering a Drop of Rain, has been 


twice reflected on the fartheit Side at F and , it will 


Art. 26.) ; but if it be of the red or leaſt refrangible 


emerge refracted into all its ſimple or conſtituent Rays at 
G upon the upper Side of the Drop, ſo as to make with 
the incident Ray the Angle GYN or SYA = 54 10% 
if that Ray be the Violet Sort, or moſt refrangible (by 


Sort, 
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So.t, then the ſaid Angle is but 50* 58' = 3 y A (by 
Art. 25.). 2 : | 5 
34. Therefore all thoſe Drops which are ſo ſituated 
around the Eye, that their moſt refrangible Rays ſhall 
fall upon it, muſt with thoſe Rays make an Angle with 
the Line A P paſling —_ the Eye parallel to the 
Sun's Rays, viz. the Angle G A P, equal to the Angle 
S V A, or GAP = 54% 1o'. Theſe Rays therefore 
will every where exhibit a Violet Colour in the Arch 
Þ G L. For the ſame Reaſon thoſe Drops whoſe leaſt 
refrangible Rays fall upon the Eye at A, make the 
Angle g AP = 50 58“; and fo the Ray A g, revoly- 
ing about the Axis AQ, will deſcribe the circular Arch 
g K, which will exhibit the deepeſt Red; and all the 
Drops between G and g will paint the ſeveral other co- 
- Jour'd Peripheries, all which together will compleat the 
exterior Bow. | 
35. The Fifth Phenomenon is the greater Breadth of 
the exterior Bow. Thus, if from 54* 10 we ſubduct 
50? 58", we ſhall have P12' = G g = the Width of 
the outer Bow; which therefore is almoſt twice as wide 
as the interior Bow. | 
36. The Sixth Phenomenon is the Diſtance between 
the two Bows, which is thus determined: From the 
Angle which the leaft refrangible Ray in the upper Bow 
makes with the Axis A P, viz. 50 587 ſubtract the 4 
Angle 42 02", which the moſt refrangible Rays make 
therewith in the lower Bow, and the Remainder $0? 
56 = g AF is the Arch of Diſtance between the 
ows. 
37. The Seventh Phenomenon is the inverſe Order of 5 
the Colours in the two Bows, This tollows from the con- 
trary Parts of the Drop on which the Ray is incident, 
and from whence it emerges and is refracted. Thus 
becauſe the Rays S N enter the upper Part of the Drop 
and emerge from the lower, *tis evident the Rays re- 
fracted in this Caſe (vz, in the interior Bow) will have 
a Situation quite the reverſe of thoſe which enter on the 
lower Part of the Drop, and are refracted from the 
upper, as in the exterior Bow, whoſe Colours are Vio- 
let, Indigo, Blue, Green, Yellow, Orange, and Red ; whilſt 
thoſe of the other are Red, Orange, Yellow, Green, Blue, 
| | Indigo, 
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Indigo, and Violet; counting from the upper Parts 
downwards in both. | | 

38. The Eighth Phenomenon is the Faintneſs of the 
exterior Bow'in Compariſon of the interior one. This is 
the Conſequence of the Rays being twice reflected with- 
in the Drops which form the outer Bow, They who 
make the Experiment in a dark Chamber may wonder 
when they obſerve how large a Part of the Beam (that 
enters the Globule at N) goes out at F, that there 
ſhould be enough in the remaining Part F G to exhibit 
the Colours ſo ſtrong and vivid in the firſt Bow as they 


appear; but then confidering how much of this reſidual 


Kay is reſracted at G, *tis rather Wonder how the very 
ſmall Part reflected to H ſhould there when refracted be 
in Quantity ſufficient to excite any diſtinct Ideas of Co- 
Jours at all. 5 
39. The Ninth Phenomenon is, that ſametimes more 
than two Bows appear; as in a very black Cloud I have 
myſelf obſerved four, and a faint Appearance of a fifth : 
But this happens rarely. Now theſe ſpurious Bows, as 
T may call them, cannot be formed in the Manner as 
the two principal Bows are, that is, by Refraction after 
a third, fourth, fiſth, &c. Reflection; tor the Beam is 
much too weak to exhibit Colours by Refraction, 
even after the ird Reflection only, much leſs would it 
after a bh or fifth, Beſides, though after a third and 
fourth Reflection of the Rays they thould be ſuppoſed 


capable of ſhewing their Colours, yet tae Bows made 


thereby would not appear at the fame time with the 
other two, nor in the ſame Part of the Heavens, but in 


the Rain between us and the Sun, and muſt be viewed 
by the Spectator's Face turned towards the Sun, and not 
from it, as in the other Cale, 


40. To account for the Appearance of theſe colour'd 
Rings within the interior primary Bow, we ſhall here 
tranicribe what the learned Dr. Pemberton has wrote up- 
on the Subject. He obſerves, that Sir aac Newton 


takes notice, that in G'afs which is poliſh'd and quick- 
ſilver'd there is an irregular Refraction made, whereby 
ſome ſmall Quantity of Light is ſcattered from the prin» 


cipal reflected Beam. If we allow the fume Thing to 
happen in the Reflection by which the Rainbow is 


cauſed, 
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cauſed, it ſeems ſufficient to produce the Appearance 


now mentioned. \ 


41. Let A B repreſent a Globule of Water, B the 
Point from whence the Rays of any determinate Species 
Tias reflected, to C, and afterwards emerging in the 
Line C D, would proceed to the Eye, and cauſe the 
Appearance of that Colour in the Bow which appertains 
to this Species. Here ſuppoſe, that beſides what is re- 


fected regularly, ſome ſmall Part of the Light is irre- 
gularly ſcatter'd every Way; fo that from the Point B, 


belides the Rays that are regularly reflected from B 


to C, ſome ſcattered Rays will return in other Lines, X 
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as in BE, BF, BG, BH, on each Side of the Line Fig. I. 


B C. 


42. Now it has been obſerved (Aunstat. CXXI.) 


that the Rays of Light in their Paſſage from one Super2 
ficies to another, in any refracting Body, undergo al- 


ternate Fits of eaſy Tranſmiſſion and Reflection, fucceed- 


ing each other at equal Intexvals, inſomuch that if they 
reach the farther Superficies in one of thoſe Fits, they 


ſhall be tranſmitted; if in the other, they fhall'be re- 
flected back. Whence the Rays that proceed from B 


to C, and emerge in the Line C D, being in a Fit of 
eaſy Tranſmiſſion, the ſcatter'd Rays that fall at a ſmall 
\ Diſtance without theſe on either Side (ſuppoſe the Rays 
B E and BG) ſhall fall on the Surface ina Fit of eaſy 


Reflection, and ſo will not emerge; but the Rays next 


to theſe, viz. BF and BH, {hall arrive at F and H in a 


Fit of eaſy Tranſmiſſion, and ſo be refracted in the Rays 


LO and HK. 
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43. Now theſe Rays will emerge, ſo as to contain 
a leſs Angle with the incident Beam S N than the Ray 


CD, which was ſhewn to make the greateſt Angle 
therewith of all others whatſoever : (See Art. 5. 22. 


23.) The Colours therefore which they exhibit mult 


appear within thoſe of the primary Bow. And if we 
| ſuppoſe other ſcatter d Rays without theſe to emerge 
(having the intermediate Rays intercepted by Reflection) 


they will contain Angles ſtill leſs with the incident Ray 
8 N, and will therefore form colour'd Arches ſtill within 
the former: And this may be conceived for divers 
Succeſſions. 


44. Now 
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44. Now as the ſcatter'd Rays by various Reflections 
and Refractions form Arches variouſly mixed together, 
ſome of theſe by the lighter Colours may be loſt in the 
inferior Part of the primary Bow, and may contribute to 
the Red Tincture which the Purple of that Bow uſuall 
has. The darker Colours of thoſe refracted ſcatter? 
Rays form the Arches which reach below the Bow, and 
are ſeen diſtindt; of which the firſt has a /ight Green 
dark Green, and Purple; the ſecond has a Green and 
Purple; the third a faint Green and vaniſhing Purple. 

45. The Diſtances between the Bow and theſe ſecon- 


dary Arches 1.5 on the Size of the Drops; to make 


them in any Degree ſeparate, tis requiſite the Drops 
thould be exceeding ſmall. It is therefore mot likely, 
that they are formed in the Vapour of the Cloud, which 
the Air, being agitated by the Rain, may carry down with 
the larger Drops ; and this may be the Reaſon why they 
never appear but under the upper Part of the Bow only, 
this Vapour not deſcending very low. As a Confirma- 
tion of this, theſe Arches are ſeen ſtrongeſt when the 


Rain falls from very black Clouds, which cauſe the fierceſt 


Rains, and therefore produce the greateſt Agitation of 
Thus far Dr. Pemberton, 5 

46. But to return: The Tenth Phenomenon is, the 
Appearance of the Bows in that Part of the Heavens oppo- 


fite to the Sun. This neceſſarily happens from the inei- 
dent and emergent Ray being both on one Side of the 


Drop ; for *tis evident, that in order to ſee the Colours,we 
muſt look to that Part againſt which the Sun ſhines. 
47. The Eleventh Phenomenon is, that they never ap- 


pear but when and where it rains. This is becauſe Rain 


affords a ſufficient Plenty of Drops, or aqueous Spherules, 
proper to reflect and refract the Light fit for this Pur- 
ſe, which cannot be done without a requiſite Size, 
igure, and Diſpoſition of the Particles, which the Va- 
pour of the Cloud does not admit, and therefore Clouds 
alone exhibit no ſuch Appearance, bs, 
48. The Twelfth Phenomenon is, the Dimenſion of the 
Bows. This is determined eaſily; for continuing the Axis 


AP to Q the Center of the Bows, we have the Semi- 


diameter of each Bow in the Angle QA g, or QA G; 
the double of which gives the Angles which the whole 
Diameters 
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Diameters of the Bows ſubtend, and are therefore the 
Meaſure of their Magnitude, % 

49. The Thirteenth Phenomenon is, the Altitude of the 
Bow above the Horizon or Surface of the Earth. This is 
equal to the Angle GAT, which may be taken by a 
Quadrant, or it may be known for any Time by having 
given the Sun's Altitude, which is equal to the Angle 
T AQ which therefore ſubducted from the conſtant 
Angles QA F, or QA Y, will always leave the Angle 
of the apparent Height of the Bow. 

50. Hence it follows, that when the Sun is in the 
Horizon, the Lines Q A and T A will coincide, and 
therefore the Points Q and T; whence, in this Caſe, 
the Bows will appear compleat Semicircles ; as on the 
other hand, when the Altitude of the Sun is equal to 
the Angle QA F = 42 O, or to QAY = 542 10 
the Summits of the Bows will be depreſs'd below the 
Horizon, and therefore withia a certain Interval in 
many Days, in the Summer-Time, no Rainbow can. 

appear. 

51. We have hitherto conſidered the Bows, and given 
their Dimenſions, ſuch as they would have were the Sun 
but a Point; but becauſe the Sun ſubtends an Angle of 
half a Degree, or 3o Minutes at a Mean, therefore the 
Breadths of the Bows will be increaſed, and their Diſtance 
decreaſed by half a Degree, and ſo the Breadth of the 
interior Bow will be 2 15, and that of the exterior one 
3 42% and their Diſtance 8? 26'; alſo the greateſt Semi- 
diameter of the interior Bow 42 17', and the leaſt of the 
exterior Bow 50 47. | | 

52. For let SF A be the Angle of any one particular 
colour'd Ray coming from the Center of the Sun, and 
reflected from the Drop to the Eye at A. In the Ray 
SS take any Point S at pleaſure, and make the Angles 
FSN, FS M, each equal to 15) as alſo the Angles 
FAM and FAN; then will SN be Part of a Ray nN 
coming from the lower Limb of the Sun, S M a Part of 
a Ray m M coming from the upper Limb; and fo the 
whole Angle NSM = mSn = 30, the Sun's apparent 
Magnitude. 

Join S A; and ſince the Sums of the Angles at 


the Bale S A of the ſeveral Triangles A8 N, Fa 8 Te 
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"ASM, are equal among themſelves, their vertical Angles 
at N, F, M, are alſo equal to each other. Where- 
fore the Angle S MA will be that which the emergent 
Ray makes with the incident Rays S M of the fame 
Colour, as before, coming from the higheſt Point m of 
the Sun, and S NA of that which comes from the loweft 
Point of the Sun 2. Therefore, if all the Rays of the 


Sun were of one Sort, the apparent Breadth of the Bow, 


- meaſured by the Angle MAN, would be but 30“ or half 


a Degree. 

54. But fince the Rays of the Sun are differently re- 
frangible, conceive the Drop F to be placed any where 
in the inward or outward Verges of the Bows (above 
deſcribed) and then it is manifett that the Angle F A-M 
mult be added to the Inſide, and F AN to the Out- 
ſide of the Angles, which the Breadths of thoſe Bows 


ſubtend at A, to obtain their apparent Breadths ; which 
therefore will be ſuch as are defined in Article 51. | 


55. [ deſigned here to have added Dr. Halley's Me- 
thod of diſcovering the Ratio of the Sine of Incidence 
to that of Refraction, by having given the Angle which 
an efficacious Ray, as S N, contains with its emergent 


Part GA; but as this Angle is determined only by 


Experiment, and the Calculation brings us to a cubic 
Equation, I think it a Matter of too much Intricacy to 
trouble the Reader with in this Place, eſpecially as it is 
ſo eaſy to determine the refractive Power of any tranſpa- 
rent Bodies, by the experimental Methods betore deliver'd. 
(See Annotat. CX VII.) 

56. I have often taken notice (with Mr. J/hifon) 
of the Silence of Authors concerning the Reaſon why 
the Iris, or rather a ſtrong and deeply colour'd Corona 


does not appear about the Sun in the falling Drops of 


Plate 
XLII. 
Fig. 2. 


Rain, at the Diſtance every way of about 25 Degrees; 
becauſe at that Diſtance from the Axis, the eſficacious 
Rays SN, 5 u, p e, after Retraction into the Drop are re- 
fracted a ſecond time at F towards the Eye at I, For 
if SB Q be the Axis of the Drop, we have ſhewn the 
Angle BN = 50 23“ (Art. 21.) and the Arch N F = 
99® 36“ therefore the Arch F Q = 21 wherefore in 
a Glaſs Globe of Water, held in the Sun's Light in a 
dark Room, we ſee a colour'd Circle or Corona A D F 


of 
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of about 42 Degrees in Diameter, and the Superficies 


within it extremely luminous, as containing all the Sun- 
Beams that fall on the fore Parts within 60 Degrees all 
round the Axis. 

57- But becaufe the Rays are there promiſcuouſly 
blended together, they produce only a white Light ; 
whereas on the Circumference FD A, where the effi- 
cacious Rays fall, there all the Colours of the Bow ap- 

ar; and from thence many have wondered why we 
ſee not a Circle coloured with ſtronger Tints than even 
the primary Bow itſelf, from this Refraction of the effi- 
cacious Rays in all the Drops of Rain between us and 
the Sun from the Circle FD A. But we are to obſerve, 
with Mr. Mhiſton, that the efficacious Rays SN, s n, 


p e, which are parallel when incident on the Drop, are 


not ſo when refracted at their Emergence at F; for be- 
ing there refracted to one Point, they are not parallel 
within the Drop, and therefore cannot be ſo after their 
Emergence, but will proceed diverging to the Eye at I 
in the ſeveral Directions FI, Fr, F q, and therefore 
will not be ſufficiently denſe, and at the ſame T ime too 
much blended with others to excite any Senſation of 
Colours. | 

58. But why it ſhould be ſaid, this variegated Circle 
ought to appear at the Diſtance of about 26 Degrees 
from the Sun, I do not ſee; for the refracted Ray FI 
contains an Angle FMG with the incident Ray 8 N 


1 to G) of 38227; for 'tis plain that N M = Plate 
F, and therefore the Angle MNF = MFN = XLII. 
C NM - CNF = $59 23 — 40% 12 = 19? 1173 Fig. 3+ 


but the external Angle IMG = MNF + MFN= 
38 22 and conſequently this is the Angle of Diſtance 


at which ſuch a Bow muſt appear all round the Sun. 


SCHOLIUM, 


59. In Article 5, it is aſſerted, that the efficacious 
Ray SN makes the Arch QF a Maximum by its re- 


fracted Part NF. To prove this, let Radius CN = pl. XLI, 


CB = x, the verſed Sine BA = x, and CD = xz, and 
by the Nature of the Circle QB: BN:: BN: AB; 


therefore BN = 2x. Again, let a = Ratio of the 
Vol. II. 9 G. Incidence 


r „„ meme ang Mw . 


*. 
* 
# 
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3 0 


Incidence and r e Gon becauſe I: R:: ND: 

CD, we have ND = KC DSA likewiſe from 

8 Triangles B ND and F QD, we have N D: 
:QD:QF; chatis 42: V 2 — 


3 8 5 / 2s = QF. 
| * This Value QF is to be determined to a Max- 
imum . In order to this we neglect the given Part 


ebe walt Part = 322 X. 


— 
2 4 


SS VE Ds 


2 
maki its Fluxion } x 4-12 og IP 
772 z=0; or (multiplying by a 2 F) R gum 2 4 


io. Whence, 2K - 2 &, and = 
1 * —2*x | 


61. We muſt now find another Value of z in order 
to exterminate-it, which we find from the right-angled 
Triangle N A D, where ND = AN*+ AD?® ; that 
is, a W =z* +22 — 2x ＋ 1, which in Fluxions is 
24 22 2222 1 22 — 242 — KE ; therefores = 


EF. 2 5 whence 2 — as * 
2 — 42 2 — x — I 2x 
—xz+a:z2+ Jx —1=0: now by Means of this 


and the preceding Equation 4˙ z* =2* + 2z —=2xz 


. \ 1, if we throw out x, we ſhall get this cubic Equation, 


2 — & 23 — 4 21 + 2 +3z + 3 = o; whoſe Roots 


will be fundz = 1, 2 = — = s'= 


oo of which the two firſt being VAL” BAN 


92 —1 


of no Uſe ; therefore the Arch QF is a Maximum when 
e 


6 — 1 


ba. By 
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therefore, entering at the Point N, are called 
Efficacious Rays, to diſtin guiſh them from 


the reſt which are ineffectual. (CXXIV). 


62. By inſerting this Value of x, inde the Equation 
4 2 =2*+22—2x2+1; we get this Equation x = 


1 + _ x \| i + — === Anilinco 


| — * 3 
SF gg 


in Caſe of the leaſt refraugible Rays, wa have a = — 


therefore N 3 =1,964. = CD; and AB = 0,4908 


4 — I 


the verſed Sine of the Angle BCN = 59 23, the 


ſame as was found before in Article 21. Alſo if we put 
p == (See Art. 19.) we ſhall have the Angle B CN 


= 580 40' for the moſt refrangible Ray, as in Ar- 
ticle 2 3. ; 


63- Allo we get the Value of QF =ZLv/ 2.5, | 


= , 3648, which is the Chord of 21* o = QC F, 
as was before ſhewn, Article 56. Hence all the Parti- 
culars relating to the principal Bow are eaſy to be under- 
ſtood ; and this is an egregious Inſtance of the extreme 
Uſefulneſs of the Fluxionary Calculus in Natural Philo- 
ſophy. This noble Theorem was firſt , us by Mr. 
ea in his Comment on Sir Iſaac Newton's Qua- 
tures. 


64. If BNQ were a Globe of Glaſs, then a = 


— CD =z 1,5492, and the Arch BN 49 48“ 


alſo the Arch QF = 11® 22'. Some other conſiderable 

Uſes, which may be made of this Theorem, will be 

conſidered in the next Lecture of Optics. | 
(CXXIV.) 1. Concerning the Production of Ha- 

Lo's, our illuſtrious Author has left us to make the beſt 

Shift we can- in MM for it; having ſaid _— 
F 12 
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of this Phænomenon that can be of any Service to help 
us in this Diſquiſition. He intimates, indeed, that Ha- 
lo are formed by the Light which comes through the Drops 
Rain by two Refractions, (viz. at N and F) without any 
4 * but how this can be is not eaſy to conceive. 
Pl. XLII. We have ſhewed that a Rainbow or deeply- coloured 
Fig. 3. Ring might have been expected at the Diſtance of about 

38 Degrees from the Sun, and alſo why it cannot hap- 

n. 

2. For the ſame Reaſon we ſhould alſo not expect an 
Halo to be formed by the ſame refracted Rays, viz. on 
account of their not being refracted parallel to the Eye, 
and conſequently not entering it denſe enough to * 
that Part of the Heavens more luminous than the reſt, 


or to produce the lucid Ring we ror this Name. 


Again, Sir 1ſaac ſays, it ought to appear ſtrongeſi at the 
Diſtance of about 26 Degrees from the Sun (viz. when 
the Angle IMG =26*?) and to decay gradually both Ways. 
But though our Author did not undoubtedly aſſert any 
Thing without very great Reaſon, yet this does not ap- 
pear to us. | 
3. For that the Angle I MG may be 26 Degrees, 
the Angle of Incidence B C N muſt be about 46, and 
then the Angle of Refraction C N F will be near 33 
Degrees; but why ſuch an Incidence and RefraQtion 
v. | ſhould cauſe the Rays to be retracted in greater Plenty 
to the Eye than any other, does not appear to me, nor 
| can I find it by any 1 On the contrary, as 
| the Angle 1 M G increaſes with the Angle of Incidence, 
and conſequently with the Angle of Refraction, it is 
evident that with reſpect to heterogeneal Light, the 
greater the Angle 1 M G is, the more will it be refracted 
| and ſcattered; and conſequently, the farther the Drops 
| are ſituate from the Sun, the leſs denſe will be the Light 
tranſmitted by Refraction to the Eye, which therefore 
ought to decreaſe as the Diſtance from the Sun increaſes. 
4.᷑. As Sir Jaac Newton has ſaid but little, ſo his Ex- 
poſitors, Dr. Pemberton and Dr. 3 have 
thought fit to be abſolutely ſilent on this Head. Mr. 
Hugens has advanced an Hypotheſis by which the Phe- 
nomenon may be ſolved, if we grant him all his Peti- 
tions. And fince none of our great Philoſophers, not 
even Sir {/aac himſelf, have undertook to diſprove it, 


but 
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but on the contrary ſeem rather to approve of it, as 
Sir Jſaac in nis Optics, and Dr. Smith in his, has 
adopted the ſame entirely; I think upon theſe Accounts, 
and conſidering the Character of the great Author, the 
Reader will be pleaſed to have the ſame in a very con- 
ciſe Manner repreſented to him. 

5. His Poſtulatum is, That there are certain Globules 
in the Atmoſphere conſiſting of a Coat or Shell of tranſparent 
Ice or Water, containing an opake Nucleus or Kernel with- 
in; and that theſe are made from Particles of Snow, 
(which is in itſelf opake) attracting the aqueous Par- 
ticles in the Vapour or Exhalation by which it is ſuſ- 
tained, which gathering together form the pellucid Shell 
of Water, or are frozen into a cryſtalline Shell of Ice; 
and this he thinks is proved to be Matter of Fact by the 
Hail-ſtones which fall to the Earth, for theſe (ſays he) 

when broken do diſcover ſome Snow at the Centre. 

6. 'I beſe Things premiſed, he addreiles himſelf to 
the Solution as follows: Let AB CD repreſent ſuch a 
Globule, with the opake Nucleus E F in the Middle of 
it; and let us ſuppoſe the Rays coming from G, H, to Plate 
fall on the Side AD. It is manifeſt they will be re. XLIV. 
fracted inwards from the Surface A D; from whence it Fig · 4+ 
follows, that a great Number of them mult ſtrike upon 
the Kernel EF. | 

7. Let GA and HD be the Rays which aſter Re- 
fraction touch the Sides of the Kernel EF, and let 
them be refracted again at B and C, emerging in the 
Lines B K, CK, crofing each other in the Point K, 
whoſe Diſtance froin the Globule is ſomewhat leſs than 
its Semidiameter. 

8. Wherefore, If BK and D K be produced towards 
M and L, it follows that no light coming from the 

Sun through the Globule can proceed to the Eye any 
where placed within the Angle L K M, or rather in the 
Cone which that repreſents, ſuppoſing that the Obli- 

quity of the Incident Rays HD and G A: is ſuch as 
ſhall make the Arch QC and QB the greateſt poſſible; 

(ſee the laſt Note, Art. 5.) for then all the Rays exte- 

x rior to HD, G A, will be refracted nearer to Q and 

after Emergence croſs each other in a Point & nearer the 

Globule than the former, and therefore cannot come at 


the Eye placed within the faid Cone LK M. 
t 3 85 | | 9. Su,. 
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9. Suppoſe now the Eye placed at N; and let N R, 
NQ, be drawn parallel to L K and MK; then 'tis 


plain, none of the Globules (the ſame as ABCD) 


within the Cone RNQ can come to the Eye at N. 
Thus the Globules at O and P have their refracted 
Rays ak d and c 4d including the Eye in the Cone of 
Obſcurity: But other Globules, which lie without the 
Cone QN R, as S and T, do not involve the Eye N 
by the ſhady Cones / 4 and f& m; and therefore ſome 
of thoſe Rays, which are more reſracted than & e or & f, 
will fall upon the Eye, and produce a luminous circular 
Ring or Corona, including a dark Area within, and 
whoſe Light outwardly decreaſes as it is more remote 
from the Centre. 

10. Much after a like Manner this great Man under- 
took to account for the Appearances of Mock-Suns and 
Moc i- Moons, called Parhelia and Paraſelenæ or Coronæ; 
which I ſhall not here detain the Reader with, becauſe I 
cannot help thinking the Whole is but too much like a 
mere (though 2 Hypotheſis; having never ob- 
ſerved in any Hail-ſtones any ſuch opake Kernels, ſo 
regularly formed, and ſurrounded by ſuch regular Shells 
of pellucid Ice as is here ſuppoſed. However, the Reader 
will be agreeably entertained by peruſing Mr. Hugen's 
learned Diſſertation on this Subjeci, printed at the End of 
his Dioptricks in his Opuſcula Pofthuma. 

N. B. I have let the Account of the Aberration of 


. Light in the fixed Stars ſtand here, both in this and the 


following Volume, as it was in the firſt Edition; tho? 
the Methods of Reafoning and Demonſtration by which 
it is ſupported are ſuch as upon a more nice Examination 
are by no Means ſatisfactory to myſelf ; at leaſt I cannot 
reconcile them to the Notions I have of the Nature of 
Viſion, the Laws of Optics, nor the Accounts which 
have been given of Experiments made on this Subject by 
Perſons of no ſmall Character, who ſeem to be as little 
inclined to take upon Credit the Truth of this univer- 
ſally celebrated Doctrine (vel jurare in Verba) as myſelf. 
(See Annot. CXII. and CXLV. Art. 19, &c.) The 


take an Opportunity one time or other to declare. 
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